
AD-AlO 385 SYRACUSE UNIV NY DEPT OF ELECTRICAL AND COMPUTER EN-ETC F/6 20/1%
COMPUTER PROGRAM FOR ELECTROMAGNETIC COUPLING TO A CONDUCTING 8-ETCIU)
OCT at J R NAUTZ. R F HARRINGTON F30602-79-C-0011

UNCLASSIFIED RADC-TR-81-297 NL'

EEE/I//II//EEEE
E//EE/IEEEE//E
EEEEEEEE/IIEEEE
E///I//EI/EEI
///*I// 3



Hh1-8
IIJIL 125 IH~ 11L6



V' RAD-TR4 1-297

Phase Report
October 19.1

SCOMPUTER PROGRAM FOR ELECTRO-
SMAGNETIC COUPLING TO A CONDUCT-
SING BODY OF REVOLUTION WITH A

HOMOGENEOUS MATERIAL REGION
Syracuse University DTIC
Joseph R. Mautz ELT
Roger F. Harrington S FEB0 3 1982

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

ROME AIR DEVELOPMENT CENTER
Air Force Systems-Command
Griffiss Air Force Base, New York 13441

62o2 02 049



This report has been reviewed by the RADC Public Affairs Office (PA) and
is releasable to the National Technical Information Service (NTIS). At NTIS
it will be releasable to the general public, including foreign nations.

RADC-TR-81-297 has been reviewed and is approved for publication.

APPROVED:

ROY F. STRATTON
Project Engineer

APPROVED:

EDMUND J. WESTCOTT
Technical Director
Reliability & Compatibility Division

FOR THE COMMANDER ,4 2 ,"~
"-~JOIN P. HUlS$S

Acting Chief, Plans Office

If your address has changed or if you wish to be removea from the RADC
mailing list, or if the addressee is no longer employed by your organization,
please notify RADC,(RBCT) Griffiss AFB NY 13441. This will assist .us in
maintaining a current mailing list.

Do not return copies of this report unless contractuml obligations or notices
on a specific document requires that it be returned.



UNCLASS IFIED
SECURITY CLASSIFICATION OF THIS PAGE (It a LeteE )_

PAGE READ INSTRUCTIONS
REPORT DOCUMENTATION PBEFORE COMPLETING FORM

I. REPORT NUMIGR 12 GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

RADC-TR-81-297 AAAli
4. TITLE (and sbettie) S. TYPE OF REPORT & PRI oo COVERED

COMPUTER PROGRAM FOR ELECTROMAGNETIC COUPLING Phase Report
TO A CONDUCTING BODY OF REVOLUTION WITH A

HOMOGENEOUS MATERIAL REGION 6 N/AFORMING 010.REPORT WUMSCRN/A
7. AUTNOR(s) 4. CONTRACT OR GRANT NUMUER(s)

Joseph R. Mautz
Roger F. Harrington F306C2-79-C-0011

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

AREA A WORK UNIT NUMOERS

Syracuse University 62702F
Dept. of Electrical and Computer Engineering 23380317
Syracuse NY 13210
I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Rome Air Development Center (RBCT) October 1981

Griffiss AFB NY 13441 13. NUMSER OF PAGES

76
14. MONITORING AGENCY NAME & ADDRESSII different from Controlling Office) IS. SECURITY CLASS. (of this1 report)

Same UNCLASSIFIED
ISA. OECLASSIFICATION, DOWNGRADING

SCHEDULE
N/A

16 DISTRIBUTION STATEMENT fOi this Report)

Approved for public release; distribution unlimited.

17 DISTRIBUTION STATEMENT of the abstract. entered t Block 20. If different frost Report)

Same

IS. SUPPLEMENTARY NOTES

RADC Project Engineer: Roy F. Stratton (RBCT)

19. KEY WORDS (Continue w,1 reverse side ,i necesear md identify by block number)

Aperture Coupling Electromagnetic Coupling

Body of Revolution Homogeneous Material Region
Computer Program Method of Moments
Conductor Plus Dielectric

ASSTRACT (Continue on reverse side If necesary and identify by block number)

A computer program is given to calculate electromagnetic coupling to a

perfectly conducting body of revolution with a loss-free homogeneous
material region. The material region is also a body of revolution. It

is bounded by an aperture and part of the surface of the conducting body.
The maximum dimensions of the conducting body and its associated material

region are of the order of a few wavelengths. The electromagnetic excita-
tion is an obliquely incident polarized plane wave. -_

DD I c'-', 1473 EDITION OF INOV IS s ESC UNCLASSIFIED // . _; -- "

SECURITY CLASSIFICATION OF THIS PAGE (When Data rze/ld)

" ... .'-*".. -" ------ " ' -.-- " -" " ..- ..--- ,.-. ' "--- L



UNCLASSIFIED
SiCuNITY CLAUlIFICATION Of TIS PAGO(hm Dale SLRI. ,

Application of the equivalence principle and subsequent enforcement of
the boundary conditions for tangential fields give a set of integral
equations. These equations are then solved by means of the method of
moments. The computer program calculates the electric current induced on
the surface of the conducting body and the equivalent electric and mag-
netic currents in the aperture. These currents radiate the field scat-
tered by the conducting body and its associated material region. They
also radiate the field transmitted through the aperture into the material
region. The computer program is described and listed along with sample
input and output data.

m I |

UNCLASSIFIED
SIECUNOTY CL.ASSIVICATIOW OF r AEWhm . Del & E ned)



CONTENTS

Page

I. INTRODUCTION ----------------------------------------------- 1

II. THE SUBROUTINE YZA ----------------------------------------- 2

III. THE FUNCTION BLOG AND THE SUBROUTINES PLANE, DECOMP,

AND SOLVE -------------------------------------------------- 29

IV. THE SUBROUTINE PRNT ---------------------------------------- 33

V. THE MAIN PROGRAM ------------------------------------------- 36

REFERENCES ------------------------------------------------------- 68

Accession For

NTIS GRA&I
DTIC TAB 1
Unannounced

IJustification

TNSPE CTED B -
I -cT~ Distributiozi/

Availability Codes

Avail and/or

Dist Special



I. INTRODUCTION

The computer program presented here calculates the Fourier coef-

ficients [1, Eqs. (87)-(89)] of the electric and magnetic currents on

the object shown in [I , Fig. 1] excited by an obliquely incident

0-polarized pine wave. The I's and V's in [i, Eqs. (87)-(89)] are

the elements [1, Eq. (68a)] of io obtained by solving [1, Eq. (65a)]n

for non-negative values of n with B0 given by [i, Eq. (101)].
n

The computer program consists of a main program and the sub-

programs YZA, BLOC, PLANE, DECOMP, SOLVE, and PRNT. The subroutine

YZA calculates the matrix elements [1, Eqs. (35) and (36)] which appear

in expression [1, Eq. (33)] for the moment matrix Tn . T is needed

in [I, Eq. (65a)]. The subroutine YZA calls the function BLOC. The

subroutine PLANE calculates Vni,, _V ni' -V' , , and Vni , which, according

to [I, Eq. (103)], determine B0 of [I, Eq. (101)]. The subroutine DECOMP
n

decomposes T into the product of a lower triangular matrix with an uppern

triangular matrix. The subroutine SOLVE uses these triangular matrices

to calculate the solution Xo to [I, Eq. (65a)]. The subroutine PRNT
n

uses the elements of k0 of [1, Eq. (08a)] to calculate the Fourier coef-
n

ficients [1, Eqs. (87)-(89)]. The subroutine PRNT also prints out

[1, Eqs. (87)-(89)].

The main program calls the subroutines YZA, PLANE, DECOMP, SOLVE,

and PRNT in order to calculate and print out [1, Eqs. (87)-(89)]. The

main program is rather long because it has to rearrange the Z's and Y's

calculated by the subroutine YZA and the V's calculated by the subroutine

PLANE. Unfortunately, the Z's and Y's come out of the subroutine YZA
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arranged not as in [1, Eqs. (35) and (36)] but as on the right-hand sides

of [1, Eqs. (47) and (50)] for consecutive values of i' and J'. Likewise,

the V's exit the subroutine PLANE arranged not as on the left-hand sides

of [1, Eq. (103)] but as on the right-hand sides of [1, Eq. (103)] for

consecutive values of i'. The main program has to rearrange these Z's,
r+ s+p_

Y's, and V's so as to realize the transition from W i , and J j, to W i

and Jq±-nj

II. THE SUBROUTINE YZA

The subroutine YZA(Ml, M2, NP, NPHI, NT, IN, RH, ZH, X, A, XT,

AT, Y, Z) calculates the elements of matrices Y' and Z defined by
n n

Y~tt yt
n n

Y= , n=Ml, MI+l,...M2 (1)
n

yzt y,10
n n

FZt t  zt 0-
n n

Z = j , nfMl, Ml+l....M2 (2)

n n

where the ijth elements of the submatrices on the right-hand sides of

(1) and (2) are given by

yrS _ _ <Wr  H(J J9 0)> (3)
nij n ' n

rs1 s

Z rsM - Wr 9 EJsj 0)> (4
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The quantities on the right-hand sides of (3) and (4) are those on the

right-hand sides of [1, Eqs. (50) and (47)] with the ± notation omitted

and with i' and J' replaced by i and J. The < > notation in (3) and (4)

denotes the same symmetric product as in [i, Eqs. (50) and (47)]. The ±

notation in [1] serves to distinguish the surface (S+ + A) from the

surface (S + A). The ± notation is not needed in (3) and (4) because the

subroutine YZA deals with only one surface of revolution at a time. Later

on in Section V, the main program calls YZA twice, once for (S+ + A) and

once for (S + A). For a particular value of n, Y' of (1) is stored byn

columns in Y and Z of (2) is stored by columns in Z. Y' is placed
n n+l

immediately after Y' in Y. Similarly, Zn+I follows Z in Z. Y and Z are
n nln

the only output arguments of YZA. The rest of the arguments of YZA are

input arguments.

The input arguments of YZA have the same meaning as those of the

subroutine YZ presented in [2, pages 65-79]. In comparison with YZA,

the subroutine YZ of [2] puts Y in Y and Z of (2) in Z where
n n

y tt t$
n n

Y n (5)
n I

y~t y0I
_ n n

The ijth elements of the submatrices on the right-hand side of (5) are

given by -0

Yrs = W r i.nxH( O> (6)

where [2, Eq. (4)]

S = u -t (7)

As defined by (7), n is a unit vector normal to the surface of revolution.

-- ,. .
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Although we have been omitting the vector designation from vectors inside

the symmetric product, we decided to designate n and H as vectors in (6)

to clearly indicate that the vector product n xH is intended there.

YZ of [2] allows for the Ampere's law contribution to the magnetic

field H in (6). The Ampere's law contribution to the magnetic field is

the contribution due to the value of the electric current at the field

point. The Ampere's law contribution in the subroutine YZ of [21 is con-

trolled by means of the input argument IN of YZ of [2]. The action of IN

is described in [2, page 39] under the assumptions that

1) n is given by (7)

2) n points outward from the surface of revolution.

However, the action of IN can be described without recourse to assump-

tion 2) in the following manner.

IN = 1, Magnetic field evaluation on the side of the
electric current sheet where the tail of n is.

IN = 0, No Ampere's law contribution. (8)

IN= -1, Magnetic field evaluation on the side of the

electric current sheet where the head of n is.

in (8), n is visualized as piercing the sheet of electric current which

produces the magnetic field. Apparently, assumption 2) for n can be

eliminated from [2] by replacing the description [2, page 39] of the

action of the input argument IN of YZ of [2] by (8).

Presumably, the magnetic field H in (3) contains no Ampere's law

contribution because the magnetic field H ± in [1, Eq. (50)] had no

Ampere's law contribution. However, we decided to allow for the Ampere's
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law contribution associated with H in (3) in order to enhance the use-

fulness of YZA. This Ampere's law contribution is controlled by means

of the input argument IN of YZA. The action of IN is described by (8)

where it is assumed that n is given by (7). We do not require n to

point outward in (8).

Most of the statements in YZA are exactly the same as those in YZ

of [2]. In the remaining part of this section, the differences between

YZA and YZ of [2] are pointed out and explained and then YZA is listed.

Unless stated otherwise, all line numbers and statement numbers cited

henceforth in this section refer to the listing of YZA.

In line 4, more space is allotted to Y and Z than in YZ of [2].

Nevertheless, the minimum allocations given in [2, pages 65-66] apply to

YZA. Line 9 in YZ of [2] has no counterpart in YZA because UG and UH

are not used in YZA. On the other hand, line 17 has no counterpart in

YZ of [2]. Line 17 enables YZA to calculate the moment matrix for the

E-field solution [3] for the two conducting bodies in [1, Fig. 13]. This

E-field solution was obtained by connecting the generating curves ABC

and DEF in [1, Fig. 13] to obtain the single curve ABCDEF and then de-

leting all matrix elements associated with the connecting line CD. Line 17

sets kp = 1 at the midpoint of the connecting line CD. Here, k is the

prolagation constant and P is the distance from the z axis. If line 17

were absent, this kP would be zero and divisions by zero would occur.

The value 1 assigned to kp in line 17 is not critical because, as stated

earlier, all matrix elements associated with the connecting line CD are

deleted. Line 17 also enables YZA to calculate the moment matrix for

A
4 ' -

" ",--,l-
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an H-field solution for the two conducting bodies in [1, Fig. 13].

However, this H-field solution, being a solution to (2, Eq. (1)] without

the n x , would fail according to the discussion in the third from the last

paragraph in [1, Section III]. The H-field solution shown in [1,

Fig. 15] was obtained by using the subroutine YZ of [2] modified

by setting kp = 1 at the midpoint of the connecting line CD in [1,

Fig. 13].

The major difference between YZ of [2] and YZA lies in the fact

that there is an nx in (6) for Yr.. calculated by YZ of [2] but not

rs r
in (3) for Ynijcalculated by YZA. Because Wr " in (3) is a

n ij

tangential vector, (3) can be written as

y1rs fni-nl~5. ~ t,q

nirs <n × --r" n x H(J , V0()> (9)
nij - -ni' - --nj 0)

t,

In view of (7) and the assumptions that W has only a t component and

W has only a component, (9) becomes
-ni

,ts= - (10a)

nij nij

= n2ts (10b)
nij nij

where t t,p
w rs - < r V n H(JsJ 0)> 

(iiYnij -nn IS' t ,

where

1t. u W -  ) (12a)

S=u (W t u(12b)
-nd - -ii ,-lt)

A -. ........ .
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s th egtveo

According to (10)-(12),t is the negative of Ynij modified from (6)'nij i

, s ts
and Y' is Ynt modified from (6). The expression "modified from (6)"

nij nij
r

means (6) with the t and c components of W r  interchanged.

Now, the matrix elements (6) are given by [2, Eq. (12)] and it is

evident from [2, Eq. (9)] that

T.(t)
W.•u = 1. e (13a)
-ni -t p

W Pi(t) -jn4
-ni = e (13b)

Hence, (10) becomes

Ytt = iq4t (14a)

nij nij

yIt = tt(1b

nij nij

y1,t = -O (14c)
nij nij
y,4X = t (14d)

nij nij

where

P.(t) T.(t)
t- of [2, Eq. (12b) with - replaced by i (15a)

nij nij Pi

tt tt Ti(t) P.(t)

nij YniJ of [2, Eq. (12a)] with P replaced by 1 (15b)

nij nij PiP.(t) T.(t)
Yn- = ~ i  of [2, Eq. (12d)] with i-!--replaced by ' . (15c)

Ti(t) P i(t)n = Yt=  of [2, Eq. (12c)] with replaced by (15d)
nij nij P1

Obviously, the interchange of functions in (15) must be accompanied by

* -.
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appropriate changes in the limits of integration with respect to t in

[2, Eq. (12)]. Also, because the magnetic fields in [2, Eq. (12)] as

it stands are evaluated on the side of the electric current sheet where

the tail of n is, the Ampere's law contributions to [2, Eq. (12)] should

be multiplied by the input argument IN of YZA. These contributions are

the single integrals with respect to t in [2, Eq. (12)].

Consequently, the Ampere's law contributions to (14) are given by

j (IN) i+ P.(t) T.(t)dt (16a)

t. 1

t.- T(IN) t ' (1+b

nij P T i~t) P i(t)dt(1b

where the horizontal bar on the left-hand sides of (16) denotes Ampere's

law contribution. If the qth interval is defined to be (tq , tq+l), then

the contributions to (16) due to the integrations over the qth interval

are given by

t- j = q-l, q

= (IN) fq+l Pq(t)T(t)dt j# 0 (17a)

nqj Pq J_ q~t j

t
tq j#NP-I

t Tr(IN) 
qq+1

Y" - Ti(t) Pq(t)dt i 0 0 (17b)n iq pq f_

tq i#Ne- i

where NP is one of the input arguments of YZA. The dot on the left-hand

sides of (17) denotes Ampere's law contribution due to integration over

the qth interval. Thanks to the definitions [2, Eqs. (5) and (6)], (17)

reduces to
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j = q-l, q

Yqj =0 (18a)2q

# NP - 1

(N = q-l, q

Aq (rIN)J , 0 (18b)
n i q 2 q

q# NP - i

where

A t -t (19)
q q+l q

Expressions (18) are the Ampere's law contributions to the matrix ele-

ments Y-ni of (14) due to the integrations over the qth interval.
ni

The contributions to (14) referred to in this paragraph and the

next paragraph are exclusive of the Ampere's law contributions. If the

pqth region is the region for which

t p t tp+
I

-ql
t ' q t tq+ I

then the contributions to (14) due to the integrations over the pqth region

are given by expressions similar to [2, Eq. (18)]. If the generating curve

of the surface of revolution is assumed to be a series of straight line

segments connecting the points tl, t2 .... tNP and if the integrations with

respect to t are approximated by sampling the integrands at t = t and
P

multiplying by A p, then the contributions to (14) due to the integrations

over the pqth region reduce to
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*tt __1
Ynj 2 (right-hand side of [2, Eq. (22b)]) (20a)niJ -2

Ynpj= 2 (right-hand side of [2, Eq. (22a)]) (20b)

Yni - (right-hand side of [2, Eq. (22d)] without the 5 term) (20c)niq 2 pq

oo = 2 (right-hand side of [2, Eq. (22c)]) (20d)
npq

The asterisk on the left-hand sides of (20) denotes contribution due to

integration over the pqth region. The ranges of values of i and j in (20)

are given by

i =p-1, p]

i# 01 (21a)

i NP-I

j q-l, q

j #0 (21b)

j #NP-
1

The factors - and 2 in (20) are due to sampling the integrands at t = t
Pi M Ti(t) p

When t = t p, the functions Pi and - which are being interchanged

in (15) reduce to

1 1

P (t) P P~
i (22)

Pi

1- i -p-l, p

T ( ) i P 2p p (23)

L otherwise

t "- ' "



Since [2, Eq. (22)] is equal to [2, Eq. (24)], (20) can be re-

written as

*,tt1
y~-~- (UG - UD) , p 0, q 0 0 (24a)

*,tt 1
ynp,q-l 1 (UC - UD) , p NP-iS q 0 0 (24b)

*itt
Y- (UC + UD) ,p #0, q #NP-. (24c)
n,p-1,q2

*,tt = 1 +lD
yp- (UC + ,D p #NP-i, q #NP-i (24d)

=o 2 (UA) ,q #0 (24e)
np,q-1

= p 2 (UB) ,q #NP-i (24f)

*,to 1

= - (UF) ,p #NP-i (24h)
npq 2

Y =o 2 (lIE) (241)
npq

where

UA =right-hand side of [2, Eq. (24a)] for j = q-1 (25a)

UB = right-hand side of [2, Eq. (24a)] for j = q (25b)

UC-UD =right-hand side of [2, Eq. (24b)] for j = q-1 (250)

UC+UD = right-hand side of [2, Eq. (24b)] for j = q (25d)

UE = right-hand side of [2, Eq. (24c)] (25e)

UF = right-hand side of [2, Eq. (24d)] without the
6 pqterm (25f)



12

The notation UA, UB,...UF on the left-hand sides of (25) is the same

as the notation used in YZ of [2]. Expressions (24) are the contribu-

tions to the matrix elements n1rs of (14) due to the integrations over the
nij

pqth region. No Ampere's law contributions are included in (24). The

Ampere's law contributions are given by (18).

The Ampere's law contributions in (18) are different from those

in [2] which consist of [2, Eq. (23)] and the 6 term in [2, Eq. (24d)].Pq

Hence, the statements which realize the Ampere's law contributions in YZA

are different from those in YZ of [2]. Lines 50-51, 74-75, 86-88, 93-99,

and 424-429 of YZ of [2] obtain the Ampere's law contributions. Line 50

of YZA puts r(IN) of (18) in PNI. Line 73 puts the right-hand side of

(18a) in P1.

The index JQ of DO loop 15 obtains the subscript q which appears

in (18a) and (24). The index IP of DO loop 16 obtains the subscript p

which appears in (24). The purpose of the statement IF(IP.NE.JQ) in

lines 121, 270, and 424 of YZ of [2] is to check if the IPth interval

coincides with the JQth interval. If the IPth and JQth intervals coincide,

then the numerical evaluation of the integrals G in [2, Section III] ismo

affected and Ampere's law contributLons are taken into account. However,

YZ of [2] was not designed to accommodate a generating curve which closes

upon itself.

The subroutine YZA allows for a generating curve which closes upon

itself. Such a curve is treated in the following manner. A triangle

function whose peak is at the first data point is needed and is obtained

by overlapping the last interval of the generating curve with the first

AL
- * . .-- '--- -.-- - - - - - - -'
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interval as in [i, Fig. 5]. This triangle function is called T NP2(t).

In addition to T NP2(t), the process of overlapping obtains the pulse

function PNP-l(t). PNP-l(t) is not wanted because it is identical to

PI(t). The effect of PNP-l(t) can be eliminated by discarding all matrix

elements (3) and (4) for which either Wr . or J contain P (t). These--n --nj coti NP-lt. hs

elements must be discarded after exit from YZA, because YZA does not con-

tain any logic for discarding matr elements.

Unfortunately, (18) was derived for a generating curve which does

not overlap on itself. If the last interval of the generating curve

overlaps the first interval, the quantities on the right-hand side of

(18) are still correct but more values of i and j are needed in (18)

when q = 1 and q = NP-I to allow for the overlapping so as to account for

all Ampere's law contributions to the matrix elements (3). It will be

shown that all Ampere's law contributions can be accounted for by de-

fining ZIP to be the electrical distance from the center of the JQth interval

to the center of the IPth interval and using the statement IF(ZIP.NE.O.)

instead of the statement IF(IP.NE.JQ). The statement IF(ZIP.NE.O.) appears

in lines 110, 259, and 408. If the generating curve does not overlap on

itself, the action of the statement IF(ZIP.NE.O.) is the same as the action

of the statement IF(IP.NE.JQ) and all Ampere's law contributions are accounted

for. However, if the last interval of the generating curve overlaps the

first interval, then it remains to be shown that (ZIP = 0.) obtains all

Ampere's law contributions.

If the last interval of the generating curve overlaps the first

interval, then ZIP is zero not only for
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IP = JQ = m, m=1,2 .... NP-l Case 1

but also for

IP 1
Case 2

JQ = NP-i

and for

IP = NP-1
Case 3

JQ = 1

In what is to follow, the matrix elements Ynrs of (3) are viewed as
nij

interactions between testing functions and expansion functions. The combi-

nation of Cases 1, 2, and 3 will gLve all Ampere's law contributions if it

covers all possible interactions between parts of testing functions on the

mth interval and parts of expansion functions on the mth interval for

m = 1,2,...NP-2.

With regard to the Ampere's law contributions (18), the last state-

ment is more general than necessary because not all interactions between

testing functions and expansion functions are involved in (18). For

example, the interactions Yntt between t directed testing functions and t
nij

directed expansion functions are not involved in (18) and neither are the

interactions between 0 directed testing functions and 4 directed
nij

expansion functions. However, the matrix elements Ynit and Y of (6)nij nij

calculated by YZ of [2] do have Ampere's law contributions. It would be

useful to know that YZ of [21 can be modified to allow for a closed gen-

erating curve by using the same technique as in YZA. This technique con-

sists of overlapping the last interval of the generating curve with the

first, replacing the statement IF(IP.NE.JQ) by the statement IF(ZIP.NE.O.),

I
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and deleting the matrix elements associated with PNP- (t) after exit

from the subroutine.

It is evident that the portion of Case 1 for which

IP = JQ = m, m = 2 .... NP-2

covers all possible interactions between parts of testing functions on

the mth interval and expansion functions on the mth interval for

m = 2,3,...NP-2. However, clarification is needed with regard to the

first interval because, due to the overlapping, the first interval is

sometimes disguised as the (NP-l)th interval.

All possible interactions between parts of testing functions on

the first interval and parts of expansion functions on the first interval

are listed as

1) Tb (t) with Tp (t)
i) TNP_22

2) T a(t) with Tb (t)1 NP-2
3) Pl(t) with Tpb (t)

1 NP-2

4) TNb 2 (t) with Ta(t)

5) Ta(t) with Ta(t)

6) Pl(t) with Ta(t)

7) TNb 2 (t) with Pl(t)

8) T2(t) with Pl(t)

9) Pl(t) with P1 (t)

In each of the foregoing 9 interactions, the first function is the part

of the testing function and the second function is the part of the expan-

b
sion function. TNP_2(t) is the second part of the (NP-2)th triangle

.......................................gle.



16

function, the downward sloping part. Ta(t) is the first part of the first

triangle function, the upward sloping part.

The interactions covered by Cases 2 and 3 and the parts of Case 1 for

which IP = JQ = 1 and IP = JQ = NP-1 are listed as

2) Ta(t) with T (t)
1 NP-2

b t
3) P1 (t) with TNP 2  t)= 1

10) T a (t) with NP- (t) JQ = NP-l Case 2

11) PI(t) with P NPI(t)

4) Tbp(t) with T(t)

TNP-2(

12) PNPl(t) with T1 (t)NP111'= NP-1. Case 3

7) Tbp(t) with Pl(t) JQ= 1

3) PNP 2 (t) with P1(t)

13) Pl(t) with P1(t)

5) T(t) with Ta(t)

1  w IP - JQ = 1 Part of Case 1

8) Ta(t) with Pl(t)

9) P1 (t) with P1 (t)

1) Tbp 2 (t) with T b 2 (t)

14) P M with T b_(t)
b NP- IP JQ = NP-1 Part of Case I

15) TbP_2(t) with PNP-l(t)

16) PP-(t) with PNPl(t)

* .. ...... ... N P
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The preceding 16 interactions were numbered so as to facilitate compari-

son with the 9 interactions in the last paragraph.

Of the 16 interactions in the last paragraph, numbers 1 to 9 are the

interactions in the second from the last paragraph and numbers 10 to 16

are to be discarded because they contain PNP-l(t). Drawing an equivalence

between the interactions in the last paragraph and the interactions in the

second from the last paragraph, we conclude that the combination of Cases 1,

2. and 3 covers all possible interactions between parts of testing functions

on the mth interval and parts of expansion functions on the mth interval

for m = 1,2,... NP-2. Hence, (ZIP = 0.) obtains all Ampere's law contribu-

tions when the last interval on the generating curve overlaps the first

interval. If such overlapping is intended, then the input arguments RH and

ZH of YZA must satisfy

RH(NP-l) = RH(l)

RH(NP) = RH(2)

(26)
ZH(NP-l) - ZH(l)

ZH(NP) = ZH(2)

exactly. Otherwise, the computed values of ZIP will not be zero in Cases

2 and 3.

With the intention of showing that YZA implements (24), we list in

Table 1 some variables in YZA whose values are different from those in

YZ of [2].
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Table 1. Comparison of some variables in YZA with those in
YZ of [2].

Line Variable Expression in terms of
in YZA in YZA variables in YZ of [2]

379 Wl 2.*Wl

380 W2 2.*W2

385 HlC -.5*HlC

387 H3C 2.*H3C

388 H2C 2.*H2C

389 H3C 2.*H3C

390 W3 -.5*W3

391 W4 -.5*W4

392 W5 -.5*W5

405 UC 2.*UC

406 UB 2.*UB

407 UF -.5*UF

411 UA 2.*UA

412 UB 2.*UB

415 UC -. 5*(UC-UD)

416 UD -. 5*(UC+UD)

417 UE 2.*UE

In Table 1, the variable in the secord column is defined by the statement

in YZA whose line number is given in the first column. The expression in

the third column is the value of the variable in the second column. The

values of the variables appearing in the third column are the values which

exist in YZ just after the counterpart to the variable in the second column

has been defined in YZ. For example, the value of Wl in the first line of

the third column is defined in line 391 of YZ of [2]. As an exception, the

. - . - ~ . . . .. -



19

value of UD intended in the third from the last line of the third column

is that defined by line 433 of YZ of [2]. Table 1 was constructed under

the assumption that no Ampere's law contributions come into play. This

amounts to assuming that lines 425-429 of YZ of [2] are not executed and

that lines 409-410 of YZA are not executed. The Ampere's law contribu-

tions (18) will be considered later.

The last 6 variables in the second column of Table 1 are used to

construct the matrix elements Ynrs of (3). The statements in YZA which

perform this task are listed in Table 2.

Table 2. Construction of matrix elements Yrs
nij

Line Statement Matrix
in YZA in YZA element

461,476 Y(Kl) = Y(Kl) + UC Ytt
n,p-l,q-i

466,483 Y(K2) = Y(K2) + UC ytt
n,p,q-l

448,477 Y(K3) = Y(K3) + UD ytt
n,p-l,q

453,484 Y(K4) = UD ytt
npq

458,471 Y(K5) = Y(K5) + UA yt
np,q-i

445,472 Y(K6) = UB yOt
npq

449,462,478 Y(K7) = Y(K7) + UF y,t1
n,p-l,q

454,467,485 Y(K8) = UF ypqnpq

489 Y(K9) = UE Y'0
npq

In Table 2, the variable being modified by the statement in the second

column represents the matrix element in the third column. For example,

I-.. .. , -
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Y(Kl) which appears in the first line of the second column of Table 2 is

the storage location of the matrix element YttThe subscripts np,n,p-l,q-l" h* usrpsnp

and q appearing in the third column of Table 2 are given in terms of vari-

ables in YZA by

n = M + Ml-l

p = IP

q = JQ

Here, M is the index of DO loop 31, Ml is one of the input arguments of

YZA, IP is the index of DO loop 16, and JQ is the index of DO loop 15.

In view of the fact that the variables UA, UB, UC, UD, UE, and UF appear-

ing in the second column of Table 2 are given by the last 6 entries of

the third column of Table 1, it is now evident that YZA implements (24).

From (18), the correct values of the Ampere's law contributions are

±(A r(IN))/(2p q). In the paragraph which follows (25) we established that

line 73 stores (A qr(IN))/(2p q) in Pl. In the paragraph prior to the intro-

duction of Table 1, we concluded that the Ampere's law contributions come

into play whenever ZIP = 0. Accordingly, lines 409-410 are executed when

ZIP = 0. The effect of line 409 is to add P1 to the values of UA and UB

calculated by lines 411 and 412. Line 410 subtracts P1 from the value of UF

calculated by line 407. The previously mentioned variables UA, UB, and UF

appear in the second column of Table 1 and were transferred to the second

column of Table 2. It is now evident from Table 2 that execution of

lineL 409-410 adds PI to Y,$t and y,'t and subtracts PI from Y't
np,q-I npq n,p-l,q

and Y't. Hence, YZ takes proper account of the Ampere's law contributions.
npq

f _&
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001C LISTING OF THtE SUBROUTINE YZA
002C THE SUBROUTINE VZA CALLS THE FUNCTION SLOG
003 SUSRlOUTINE YZA(M1.M2.NP.NPHI.NT.IN.RH.ZH.X.A.XT.AT.Y.Z)
004 COMPLEX Y122091.Z(2209).U.mUI.U2,U3.U4.US.U6.H1A.82A.H3AGA148)
005 COMPLEX G8(48),GC(48).GD(48).eGE(48)tiS.3H2B.H30.HC.12C.H3C.H4A
006 COMPLEX H5A.N6A.H48H58H6a.UAU,UB*CP.U..F.GlA(1O).G2AI10)
007 COMPLEX G3A(IOh.GlB(1O).G20110).G33(10).GICCIO).62C( I0).G3C(I O)
008 COM4PLEX G4A(1Ob.65A110).G6A(aO)oG48(10.*G58(10).G68(10),CMPLX
009 DIMENSION RH(43).ZI4(431.X(48),A(481.X'T(10).AT(10).RS(42).ZS(42)
010 DIMENSION OC42)%DR(42).DZ(42).DM(42)oC1(48).C2(48).C3(403).C4(200I
a It DIMENSION C!S(a001.C642001.R2LiO).Z2(1o).P7IIO).Z7(10)
012 CT=2.
013 CP=.I
014 DO 10 1-2*NP
015 1201-1
018 RS(12)=.5htRH(II4RH(12))
017 IP(RS(12).EGO.) RS(12)-t.
*18 ZS(12)=.5*tZN(I)IZHII211
019 OI1.5*fRNCI)-RH(I21)
020 02-.S*(ZHlI)-Zh(92))
021 D112J=SQRT(D1*DI+D2*O2)
022 0R412)D1l
023 DZ(12)=D2
024 DM(J2)=D(1211fRS1125
025 10 CONTINUE
026 M3-1M2-N1I +
027 M4=Mt-t
028 P121.5a70796
029 PP9.o869604
030 0O It K=1.NPHI
031 PIWP12*(XLK)*Iol
032 CIIKI=PH
033 C2(K)=PH*PH
034 SN-SIN(.5#PNI
035 C3(K)=4o*SN*SN
036 A1=PI20A(K)
037 04=.5*A1*C3(Kl
038 D5=A1*COStPH)
039 06=-AI*SXNlPN#
940 M5-K
041 DO 29 bM1.I3
042 PHM=(M44.M,*PH
043 A2-COS(PHM3
044 C4(M5)-D4*A2
C45 C 5(M5 JO5*A2
046 C61MS5106*SIN(PMM)
047 M5-M5*NPHI
048 29 CONTINUE
049 11 CONTINUE
050 PNI=3. £4i593*[N
051 UinIO..10i
052 U1,GSU
053 U2=2.*U
054 MP=NP-1
055 NT-MP-I
056 N=-MT+Mp
057 N2NwMT#N
058 N2-N$N
C59 JMi-I-N
060 00 IS JO-IsMP
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061 KO-2
062 ZF(JG*EQ.1l KQ01

063 IF(J0.EO.MPI K0.-3
064 RI=AS(JO)
065 Z1-ZS(Ja1
066 O0=O(JOI

061 02=OR(JQJ
068 03-DZ(JO)
069 0O=02/Ri

070 05D01/RI
071 SVD-2/Dl
072 CV-03/D1
073 P1=PNIS05
074 P3=2.*D1
075 P4=2.*04
016 P5=04*04
077 P6=01*D1
078 P7-P6*D1
079 T6=CT*Dl
080 T62=T64D1
081 T622T62Sr62
082 6CP*RI
083 R62=R6*R6
0e4 00 12 L=19NT
085 06=XT(LJ
086 R2(L)=RI+D2*D6
08? Z2(LJ=ZI+03*06
088 12 CONTINUE
089 0O 16 IP1.IMP
090 Rt3=S(IP)
091 Z3-ZS(KP)
092 R4=Rt-R3
093 Z4=ZI-Z3
094 U3-02*Ul
095 U4=D3*U1
096 DO 40 L=19NT
097 07-R2(L)-R3
098 08=Z2(L)-Z3
059 R7(LI=R3*R2(L)
t00 Z7(L).D7*D?*Da*oa
103 40 CONTINUE
102 Pt4R4*SV*Z4*CV
103 AI=ABS(PH)
104 A2-AS(R4*CV-Z4*SVI
105 06-A2

106 IF(AI.LE.DI) GO TO 26
107 06-Al-01
108 06=SORT(06*06*A2*A2)
109 26 ZIP=R4*R44Z4*Z4
It0 IF(ZIPoNE.G..AND.(R6.GT.06.oR.T6.LE.061) GO TO 41
III Z5-ZIP
112 R5=R3*Rl
113 Pn04.SOR3*SV
114 00 33 K-I*NPHI
1ts A&-C31K)
116 RA-Z5,AS.Ak
117 NIAO.*
I1s H2A-0.

119 M3A0.*
120 144A-0.
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121 1A0.
122 IF(PR.LT.r62) GO TO 34
123 DO 35 L-1.NT
124 W-Z7(L) *R7ILb*A 1
12c- A=SURr(w)
126 SN--SIN(A)
12f CS=COS(R)
128 D6=AT(LI/R
229 HI B=O6/W*CMPLX(CS-A*SNSN.AeCSI
130 H&A=HIB&IA
131 H28=XT(L)*HlB

132 M2A=H28#H2A
133 H3A=XT(L4112B4h3A
134 H46=06*CMPLXCCS*SN)
135 H4A=H48+H-4A
t36 HSA=XTIL)bH48#H5A
137 35 CONTINUE
138 GO TO 36
139 34 DO 37 L=1.NT
140 N=Z7(L) +R7 (L )*A 1
141 R=SORT(W)
142 lFtR.GT..5I GO TO 14
143 CS=RS(U*(.6944444E-2-V*.173611lE-31-9125J
144 SN-W*(.3333333E-1-W*.1190476E-2)-.3333333
145 HIB=AT(L)*Ct4PLX(CS&SN)
146 CS=R*( W*C .4166667E-1-. 138B889E-2*W)--.51
147 SN=WSIW*(.1984126E-3*V-.83333J3E-2I*el666667I-1.
14e H*B=AT(L)*CMPLX(CS#SNI
149 GO TO 43
150 14 SN=-SIN(R)
151 cs=COSt A)
152 D6=AT(LI/R
153 H18=06*((CMPLX(CS-A*SN.SN4ReCS)-I.1/Wf-oS)
154 H4B=06*CMPLXCCS-1 ..SN)
155 43 HkIA=Htf3*HlA
156 IH2XT(L)*Hl8
157 H2A=H28+H2A
1se H3A=XT( Li *H28*3A
159 H4A=H484H4A
160 H5SA=XT(L)*H4BN5A
161 37 CONTINUE
162 AI=PH*PHN*Al
163 A2=ABSIA13
164 R=RP-A2*A2
165 D6=A.-DI
166 07=A2 401
167 D62=06*06
168 D72=07*Dl
169 08=SQflT(D62+Rl
170 D9-SOPT(O72+RI
171 I~lIA1ESJ5.25
172 52 1F(06*LT.0o. STOP
113 w4.5/062-.5/072
174 GO TO 54
175 53 W44 7.,09-O6ZDO I./R
176 54 lF(D6.GE*O.l GO TO 38
1?? W=ALOGl(07,09)*4-G6G083/PR
ITS GO TO 39
179 38 WwALO6G((O?*D9)/(D60Da))
Sao 39 u14.*/D

A-4
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181 W 5-A2/0, 1
182 2(5(9O)1/91/8P-5w
183 W3-(.25*(07#09-D6*Uall*W-A*Iu4#.25*W I I/P7-W5*(2.OW2*wVSw1II
le4 W4=M/Ol
185 W5-409-D8-A2*V)/P6
186 IF(AloGE.0.) GO TO 27
18? W2-U2
188 105-WS
189 27 til AVI4H1A
190 H2A-W2ta42A
191 l43A-W3*I3A
I92 144A=V4*t44A
193 H5AUS5H5A
194 36 GA(KI=H1A

195 68(K)sb42A
196 GC(K1=H3A
197 GD(X)=-H4A
198 GEIK)115A
199 33 CONTINUE
200 KI=O

201 00 45 M11M3
202 HIA=O.

203 H2A0.o

204 M3AOo
205 116=00

206 H28=0*

207 "3800

208 H&C=00
209 H2C-0.
210 H3C-0o

211 H4A-0.

2t2 HSAMO.
213 Il6AiO.
214 4~00

215 H58-0
216 160
217 00 46 Km1.NPHK
218 KI-KI#1

219 06-C4(gi)
220 D07C54KI)
221 08-C6(KII
222 UA-GA(K)
223 US-GStK)
224 UC-GCfKD
225 U~mGOIK1
226 UE-GE(K)
227 IA-D6*UA+HIA
228 N2A=O?*UA#H2A
229 M3AZDa*UA#N3A
230 MI4106*UB4H18
231 28n7*UB4H28
232 I3S1.D8eUB+H38
233 N1C06*OUC+HIC
234 H2CD7*4UC*H2C
235 "3C-OG*UCfK3C
236 H4A-06*U0*N4A
237 NSA-D7*UO#NSA
23a H6A06*UDI6A
239 M4Sin06*UE+H48
240 15=0*Ue4h5S
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241 H6113=06UEOM60
282 46 CONTINUE
243 GIA(MI=HIA
244 62A(MI-H2A
285 G3A(P4)=I3A
246 Ga(MI)1118
247 G28(M)H1213
248 G38(Ml=H38
249 CIC(M)=HIC
250 G2C()HC
25t G3C(MI-13C
252 G4A(M)=H4A
253 GSA(M)-HSA
254 G6AIMI-H6A

255 G4B(M)=H88
256 G58CM)=H56
257 G68(M)=H68
258 85 CONTINUE
259 IF(ZIP.NE.Ool GO To 47

260 A1=05*05
261 asO.0
262 090.o
263 00 63 K-19NPHI
264 DS=O8+A(K).'S0IT(C2(K)tA11
Z65 D9.-D9+A(K)*8LOG(O5/C1 (K))
266 63 CONTINUE
26? A2=3.141593/05
268 DS8(58OG(A2#5Pf2*O&1/(R5*RI 5
26S. 09=2./R I *I a.OG(A2J4A2*83LoG( I o1A2))1-3.14 1593/01*09
270 00 67 M1.oM3
271 GlA(M)=084GIA(M)
272 G2A(M)*.
273 GZB(m10o.
274 G2C(M)=0.
275 G3A(MN)O.
276 G5A(MJ=D9GA(lA)
277 67 CONTINUE
278 Go TO 4?
279 41 00 25 M-l*M3
280 GIA(M=0.
281 G2A(M)=0.
282 G3A(M)0O.
283 G8I(M)=O.

284 628(m)-o.

285 Gj9(M)0o.
296 GIC(t4)0O.
2617 62C(1410.
288 63C(M=0.
289 G4A(P)0.
2,10 G5A(MI-0.
291 G6AIN)-0*
292 G48(MI-0.

293 G58111100

294 G6B(M)-0*
295 25 CONTINUE
296 00 13 L-I.NT

29? ItSmR7(L)
298 Z5=Z7tLl
299 00 17 K1.*NPNI
300 w=Z~oaRS*C3(i0
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301 R-SORT(W)
302 SN=-SLNCRI
303 CS-COS(R)
304 GA(KI-CMPLX(CS-R*SN.SNRCS)/W*l1
305 GD(K)=CMPLX(CS*SN)/R
306 17 CONTINUE
307 IFIR62.LE.ZS) GO TO 51
308 06=0.
309 07-00
310 09=00
311 00 62 K-I.NPNI
312 W2-C2(K)
313 W1.o/(Z5*R5*W2)
314 WI=A4Kl*SORT(W)
315 D6=O06+Wl*V2SW
316 07D?4U1l*(.54W*(1..-.125*W*AS*W2*w2))
317 09D09+w1
318 62 CONTINUE
319 Wl1RS/Z5
320 U2=PP*Wl
321 V=SQRI(W2)
322 W3-1.4W2
223 R=SORTCW31
324 W4=SQRT(R5)
325 V5=ALOG4WtRl
326 08=-P12O6-(W/R-Vl5/(R5*W4J
327 06=,5*oa
328 07((W/R*(m1i-I.I25+.1666667*W21IV3),.12S*w5)/RS,.5S*S)/W4-P12*07
329 09-W5,eW4-PI2*D9
330 51 AI=AT(Li
331 A2-XT(L)*AI
332 A3-XT(LI*A2
333 K-
334 DO 30 WI*X3
335 wN*Nm4
336 MIA=-0*
337 H2A=0.
338 H3A0.*
339 H4A0.o
340 l5A0.o
341 H6A-0.
342 00 32 K=1.NPIE
343 KI-KI+1
344 HIS=GA(KI
345 W4-C4(KI)
346 W5-C5IKII
34? W6-C6(Kll
548 141A=W4*HIB.N1A
349 M2AaW5*N184+12A
350 H34-W6*Hl 94'N3A
351 H1B=GDCKI
352 N4A=M4I118*4A
3S3 NSAUS5*HIB*+HSA
354 H6AnW6*Hta8*6A
355 32 CONTINUE
356 IF(R62*LE*ZSI GO TO 44
357 NIAinO64HIA
358 b2AD7-(W*V*I.)*06,H2A
359 H3AWV*O8+H3A
360 HSAO09,HSA
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361 44 GIAIIAIOHIAGA(M)
362 G2A(MJ=AI4DI2A4.G2A(Mt

363 G3A(MJ-At*H3A.63A(M)
364 619B(MI=A2*HIAA.GI(M)

365 G213C ) -A2*tH2A*G2e M)
366 G383(M )=A2*H3A+G384 M)

367 GIC(M)=A3*H&A*GIC(M)

368 G2C(M)=A3*H2A*G2C(M)

369 G3ClMN1A3*HJA4G3C(M?
370 G4A(MI=AI*H4AG4A(41
371 G5A(P41=At*H5A*G5A(MI

372 G6A(M)=AI*e46A.G6A(M)

373 G48(MI=A2*H4A*G40CN)

374 G58(NM1A2 *5A4658C M)
375 G68(141=A2*H6A*G683(N)
376 .30 CONTINUE
377 1.3 CONTINUE
378 47 A2=D(IP)

379 W1-A2*(R4*03-Z4*02)
380 W2-A2*R3*03

381 A3=DZ(IP)
.182 06=DR41P)
383 D7-24*06

384 D9=03*06
385 HIG=102*(R3*A3+07)-RI*D9)*Ul

386 D8=A2*O1

387 H3C08a*U2
3 d8 H2C=Z4*H3C

389 H3C=03*H3C

390 V3D018(D7-R4*A3J
391 W4=Dl*(D9-D2*A3)
392 W5-OL*R1*A3

393 AI=DR(IPI
394 US=AI*U3

395 1J6=A3*U4

396 06'-02*A2
31;7 O7=01*Al

398 A3=OM(IPJ
399 JN=JN
400 00 31 M=1.M3
40t H2*hG2A(M)

432 t41A-G1AfMJ
403 M28-G201M)

404 "28=6181m)

405 UC=VI*2AW2*41A

406 UB8WI*H284W2*H18

407 UF=M3*I H2A4O4*H283 +W4*(H243*D4*G2C(M) 3+WS* CHI AP4 *HI 8+P5*GIC(M2)
4 0 f KF(ZIPoNE.0.) GO TO 48
409 UC=UC+PI

410 UFtWF-PI

411 48 UA-UC-UB

412 UB=UC+Ua
413 H3A=G3AIM)

414 H38-G38(Ml
415 UC-HIC*(H3A-1431
416 UD-HlC*(I43AH35

417 UE=2C*(i3AO4*H38,I43C*N3404*.3C(M)I

418 NSA-GSACM)

419 H58=GS(M)

420 H4AMG4A(M)#H5A
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421 N40-G*8(N)4NSO
422 N6A-G6A(MI

423 H6B3G68(N )
424 H3A=US*H5A*U6*H4A

425 hI=Uub*H58*U6*H48
426 MIAHJ3A-HIB
427 b42AxH3A+H18

428 H3A=-Ui*H4A
429 H18=06*H6A
430 m~m~N4
431 A1-W*A3

432 H28=D6*H6B-A1*H4A
433 H38=D7*(H6A+04*M68b
434 H4A=WO05*H4A

435 KIEIP*JM
436 K2=Kl4I

437 K 3-K I N
438 K4=K2*N
439 K5.=K2+MT
440 K6=K44MT
441 K7-K34N2N
442 KS=K4+NN

443 K9-K84MT

444 GO 10 (18*209191).KG
445 I8 V(K6)=U8t

446 ZIK6)=H184H28

447 IFCZP.FG.I) GO TO 21
44e YCK3)=Y(K3I*UD
44'p V(K7)=Y17)*UF
450 ZtK3)=Z(K3).N2A-H3A

451 Z(K7)=Z(K7)*H38-I4A
452 EF(IP*EQ*MPS GO TO 22

453 21 YtK4)=UD
454 YtKS8)UF

455 Z(K4b=M2A+H3A
456 Z(KS)=H3B+H4A
*57 GO TO 22
458 19 'V(K5)Y1(K514UA
45'; Z(K5)=Z(K5b4Hl8-H2S
460 IF(IP.EQ*I) GO TO 23
461 VtKI3=Y(Ktl4UC
462 V(K7)=Y(K7)*IF
463 Z(Kl)=Z(K11*HIA+H3A
4b4 ZIK7)=Z(K7)+H3EI8-H4A 481 Z(K7luZ(K7).H3B-H.A
465 IF(IP.E~oMPI GO TO 22 482 IF(IP.EO.NP) GO TO 22
466 23 YCK2)sY(K23*UC 483 24 YtK2)-Y(K2)*LJC
467 YIKa)-UF 484 Y(K4)-UO
468 Z(K2)=ZIK2).NIA-H3A 485 Y(K83=UF
4 6 S Z(Ka)3=H38*N*A 486 Z(K2)=ZIK2$gIIA-H3A
*70 GO TO 22 48? Z(K4i=N2A+ei3A
471 20 YIKS)=Y(K5)*UA *8R Z(Ka)"j384N4A
472 Y(K63-U6 489 22 Y(K9)-UE
473 ZIK5)IZKSI*48-H283 *90 ZKbU*0*05+4HB-lHA
474 Z4K6)=HiB01126 491 J~sJM~N2
475 IF(IP*E42.I) GO TO 24 *92 31 CONTINUE
476 Y(KI)=YCK1)+UC 493 16 CONTINUE
4?? Y1K3)zV(K3)4UD 494 JN-JN~h
4?8 VC7)=Y(K7I#UF 495 15 CONTINUE
479 ZtKil=ZIKII4HIAGH3A 496 RETURN
480 ZIK3)*Z(K3)b42A-K3A 497 C.NO
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III. THE FUNCTION BLOG AND THE SUBROUTINES PLANE. DECOMP, AND SOLVE

The function BLOG is exactly the same as in [3, page 56]. The

only difference between the subroutine PLANE (of the present report)

and the subroutine PLANE of [3, pages 57-62] is that the statement

IF(Rl.EQ.O.) Rl = .5

in line 39 of PLANE has no counterpart in the subroutine PLANE of [3,

pages 57-62]. The action of this statement is similar to that of the

statement in line 17 of the subroutine YZA. Except for a difference

in the actual space allocated to the variables UL, SCL, and IPS, the

subroutine DECOMP is the same as the subroutine DECOMP of [3, pages 63-64].

Minimum allocations in DECOMP are the same as those in the subroutine

DECOMP of [3, pages 63-64]. The subroutine SOLVE differs from the sub-

routine SOLVE of [3, pages 63-64] only in the actual space allocated to

the variables UL, B, X, and IPS. Minimum allocations in SOLVE are the

same as those in the subroutine SOLVE of [3, pages 63-64].

.4

lj
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OGIC LISTING OF THE FUNCTION SLOG
002 FUNCTION eLCG(X)
003 IF(A.GT..1I GO TO 1
004 X2KX*X
005 8LOG.2(E.075*X2-.1666667)4x2,I.I*X
006 RETURN
00? 1 8LOG-ALOG(X4SOAT(I.+X*X)l
008 RETURN
009 ENO
010 LISTING OF THE SUBROUTINE PLANE
Oil SUBROUTINE PLANE(MI.M2.NF.NP.NT.RNZH.XT.AT.THR.RI
012 COMPLEX R(2403.UUI.UA.UB.FA(l0).FO(I0).F2A.F28.FIA.FiB.U2.U3eU4
C13 COMPLEX U5.CMPLX
014 DIMENSION RH(433.ZH(43).XT(10).AT(10).THR.3).CS(3).SN(3).R2(ao)
015 DIMENSION Z2(10)9OJ(50)
Cie Mp-NP-I
017 NT-MP-I
018 N=mT4Np
019 N2-2*N
020 DO 11 K1I.NF
021 X=THR(K)
022 CS(KJ=COS(X1
023 SWK IS IN( X
024 11 CONTINUE
025 U-10..1.3
026 Ut-3. £4159.3*U$08M1
027 M3N1*11
028 M4=le*3
02,9 IF(MI*EO.0) 43-2
030 M5=MI+2
031 96-M2+2
032 DO 12 SP1.*MP
033 K2-1P
034 I=IP*I
035 DR:.S*IRH(l$-RH(IP)I
036 DZ=.5*(ZH(l)-ZH(IPII
037 01=SQRT(DR*OR4DOOZI
038 RI=.25*IRH(I)4RH( IP) I
C39 IF(RI*EO.0s) RI.S5
040 Z1=.5*(ZH([)+ZHCIP)l
041 0R-.5*DR
042 O2=DR/R1
04.3 Do 13 L-t*NT
044 R21L)=R14DR*XT(LI
045 Z2(L)=Z14DZ*XT(L)
046 13 CONTINUE
047 DO 14 XK1.NF
048 CC-CSIK)
049 SS-SN(K)
050 D30OR*CC

051 04-ozss
052 DSDIl*CC
053 00 23 M-M314
054 FA(MIO0.
055 FSfMiaO.
056 23 CONTINUE
057 00 15 L-I.Nr
058 x=SS*R24Lb
059 IP(XaGT..sE-7) GO TO 19

060 00 20 MNJ.N44



31

061 ijj(m)0O.
c()2 20 CONTINUE

061 oJ(21-I.
064 S-1.

065 GO TO I8

06#3 19 M2.8*X+4.-/X X
067 IF(X.LI..5) ,d-11.8*ALOG10OX

068 14=.T.' M4

069 JMO

070 jumm-1

071 8j(JM)=1e

0 7? 00 16 J=4*1N

073 J2-jm
074 JM-J*-1

075 J& =JM-1

076 S.(N=IXSjjjO~m2
Oil 16 CCINTIN.E
078 S-0.

079 IF M.LE.4$ GO TO 24

080 D0 1r J=n*M.2

WIT S=S*8j(j)

C82 17 CONTINUE
082 24 S=SJ(2)42*eS

084 18 AAG-Z24L)OCC SIAG)
C85 UAMAT(LW/S*CMPLX(COS(ARG)sNAG
086 UB3XT (L )*UA

087 D0 25 M=M3-N4

c #3 FA( M) =0A 1 1 UAFAt M)

089 FBIN,.8J(NI*UB*FOUm)
090 25 CONTINUE

091 15 CONTINUE G 02
092 IF(MI.NE.0) G 02

093 F A (I I--A( 
3

094 F0(1 - (

0i;5 26 UA-Ul

oq6 00 27 mzsmS.M6
097 NYMN-1

C96 N89m+ 1

099 F2A=UA*4FA(MSI+FA(MhIJ)

100 F 2 8=UA*(F68CNSiF8f"7IJ

lot UB=U*UA )-AN)
102 FIA=Ua*(FAIMS)AMP

103 FI8=uq*(F8(MS3)F8(M7))
104 U4=0*UA

105 U2 =O3VFIAdU4*FAfM)

106b U3=03*F I84W8(")
107 U4=D0I*FZA

136 u5UD)P*F20

fo0# K I=21
110 K4*zK1*N
III KS=KZ2tl

t12 PIK2,f)-D5(F2AOD2*F
28

113 A I KStMT )01 IF IA +Zt)

114 EV(1P.E0.I# Go TO 29

1ts RjKIjx4(KI13U
2 UV3

tie R(KAIzR1K4*UU5

it? tf(IP.E0.PIP GO TO 22

1ts 21 R(K2)=U2
4 U

3

119 As g5ImU41U5
120 2? K2wK24N2
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t2!1 UA-UB
122 2? CONTINUJE
123 14 CONTINUE
124 12 CONTINUE
£25 RETURN
126 END
127C LISTING OF THE SUBROUTINE oECOMP
128 SU1BROUTINE OECOMP(N*IPS*UL)
129 COMPLEX UL(62413.PIVO1.EA
£30 DIMENSION SCL479£.IPS(79£
131 0a 5 I11N
132 EPS(gi=1
133 RN0
134 JI11
135 00 2 J=1.N
136 W..M--ASRAL(ULJ1))4+ABS(A1MAG(UL(J1IS)
137 iI=JlN

138 IF(Rt#-ULM) 1.2.2
139 I RN2ULN

142 5 CONTINUE
t43 NM1-N-1
144 K2=0
t45 00 17 K1.*NMI
146 B8G-0.
147 00 It 1-K.N
148 1P__IPS(I)
149 IPK-IPK2
ISO SIZE=(AaS1REAL(UL(1PKC))4+ASSIAIMAG(UL(IPK))))*SCL(1P)
15t IF(SIZE-131G) 11.11.10
152 10 SIG=SIZE
153 IPV_1
154 11 CONTINUE 181t IP__1PS( I
155 IFIIPY-CI 14.15.14 182 x(1I-stip)

156 14 jIPS(Kb 183 DO 2 1-2.h
t57 IPSCKI~lPSdlpv1 184 IP=1PSC1)

158 IPS(IPVIJ- 1$5 1PB81P
159 15 KPP-IPs(X)+K2 186 IMLII-1

160 PIVOT-ULCKPP) t87 SUNMO.

161 KP1-K*1 1e8 00 1 J-19IMI

162 0O 16 I-KPIoN 189 SUN-SUM4ULIIP)*X(J)

163 XK-KPP 190 1 IPIP*N

164 IP-IPSI14K2 191 2 Xt1 $-(Ilpsl-SUM
165 EM--4.LCIPS/PIVOT 192 K2=N*tN-t)
166 18 UL(IP)--EM 193 IP2ZPS(Nb#92
IA? 00 16 J-KPI*N 194 XIN)=X(NIj/L(1I)

168 IP.NP+ 195 00 4 ISACIC=29N

169 KP-KPN 196 1=NP1-IsAcK
170 UL(IPI=UL41P)*EM*UL(KPI 197 K2=K2-H

17£ 16 CONT INUE 198 1P1IPS41$.K2

172 K2~m2*N 199 IPIIl

173 17 CONT INUE 200 SUMVO.

£74 RETURN 20t IF'-(PE

£75 END 202 00 3 JsipI.N

176 LISTING OF THE SUBRO0UTINE SOLVE 203 -4m
lly SUBROUTINE SOLVE(N#IPS#L*L.8X) 20. 3 SUM4-SUM+ULIIP1.XIJ)
176 COMPLEX UA..(2Al?(91.X179).SUN 20b 4 X(1)-(XfI-SuM)/ULtIPI)
179 DIMENSION IPS( 791 2of RETURN
Is* MPIwN*I 207 ENO0

2A
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IV. THE SUBROUTINE PRNT

The subroutine PRNT uses knowledge of the superscripted I nj s or

V .'s and the k V's in a portion of fI, Eqs. (87a), (88a), and (89a)]
nj

and in the corresponding portion of [1, Eqs. (87b), (88b), and (89b)]

in order to calculate and print out these portions of [1, Eqs. (87)-

(89)). By calling the subroutine PRNT repeatedly, it is possible to

print out all the quantities on the right-hand sides of [1, Eqs. (87)-

(89)' except those for the cases in which j =1 and j=N + in il, Eq. (87a)]

and j = M++ 1 and j =M++M in [1, Eq. (89a)]. PRNT is not designed to

treat these cases. They are included in [1, Eqs. (87a) and (89a)] merely

for convenience.

Except for the cases in which j= I and j=N + in [l, Eq. (87a)]

and j =M +1 and j=M ++M in [1, Eq. (89a)), any portion of [1, Eqs. (87a),

(88a), and (89a)) can be written as

C1 * XX(J + JX)/RA(J + J3), J = 1,2,.. .Jl (27)

and the corresponding portion of [1, Eqs. (87b), (88b), and (89b)] can

be written as

C2 * XX (J+Jl+JX)/(RA(J+J4-1) + RA(J+J4)), J = 1,2,...J2 (28)

In (27) and (28), XX represents the I 's or Vn 's of [11, and RA repre-

sents the k ±'s of (1]. In (27), Cl is either C or 2j. In (28),n

C2 is either 4j or 2E . The sum of the two RA's in the denominator ofn

(28) is due to [1, Eq. (12)]. The complex numbers (27) are t directed

currents, either electric or magnetic. The complex numbers (28) are

directed currents. The set of complex numbers (28) is linked to the set

L .4
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(27) by the fact that the XX's used in (28) occur immediately after those

used in (27).

First, the subroutine PRNT (Jl, J2, J3, J4, RA) prints out the real

part, the imaginary part, and the magnitude of each of the complex numbers

(27) under the heading which appears in statement 10. Then, PRNT

prints out the real part, the imaginary part, and the magnitude of each of

the complex numbers (28) under the heading which appears in statement 13.

The variables in (27) and (28) enter PRNT by means of the arguments of

PRNT and the statement

COMMON Cl, C2, Xx, JX

in line 6. If Jl = 0, nothing from (27) is printed out. If J2 = 0,

nothing from (28) is printed out. All the arguments of PRNT are input

arguments. The common variables Cl, C2, and XX are input variables.

However, the common variable JX functions as both an input variable and

an output variable. PRNT adds Jl+J2 to the original value of JX.

Minimum allocations in PRNT are given by

COMPLEX XX(J2 + Jl + JX)

DIMENSION RA(Max(Jl+J3, J2+J4))

where Max denotes the larger of the two values in the parentheses. Of

course, the space allocated to XX in the calling program must be exactly

the same as the space allocated to XX in line 4 of PRNT.

DO loop 11 prints out the complex numbers (27). Line 14 obtains

(27). DO loop 14 prints out the complex numbers (28). Line 27 obtains

(28).

t 4-.--
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oO1C LISTING OF THE SUBROUTINE PANT
002 SUBROUTINE PRNT(J1.J2*JJ@J4*RA)
003 COMPLEX CIPC2@U
004 COMPLEX XX(7g1
005 DIMENSION RAt431
006 COMMON CI.C2.XXSJE
007 IF(JI.EO.oI 6O TO 15
008 URIVE(391OI
009 10 FORMAT(DO REAL JY IMAG JT NAG JT*)
010 K3=J3
Oil 00 11 J-10JI
012 K3-K3+1
013 JX-JX+I
014 U:-CI.'RA(K3)*XX(JX)
015 W=CABS(UI
016 WRIVE(3912) UoW
C17 12 FORaMAT4IX*3EI1.4)
018 11 CONTINUE
019 15 IF(J2.EO.O) RETURN
020 WRITE(3913)
021 13 FORMAT4*0 REAL JP IMAG JP MAG JP6)
022 K4=J4
023 D0 14 .11.J2
024 JX=JX*I
025 K3=K4
026 K4=K4+1
027 U2/(RA(K3)4.RA(K4))*XX(JX)
028 W--CA8S(UI
029 wRITE(3.12) U.W
030 14 CONTINUE
031 RETURN
032 END
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V. THE MAIN PROGRAM

The main program accepts input data and calls the subroutines YZA,

PLANE, DECOMP, SOLVE, and PRNT in order to calculate and print out [1,

Eqs. (87)-(89)]. The input data are read from punched cards according to

READ(1,15) NT, NPHT

15 FORMAT(21)

READ(l,lO)(XT(K), K=l, NT)

READ(l,lO)(AT(K), K=l, NT)

10 FORMAT(5E14.7)

READ(l,lO)(X(K), K--l, NPHI)

READ(l,lO)(A(K), K=l, NPHI)

READ(1,16) NA, NB, MA, MB, MC, LA, LB, LC,

Ml, M2, BK, UR, ER, THR(l)

16 FORMAT(1013/4E14.7)

READ(l,18)(RA(I), 1=1, NA)

READ(l,18)(ZA(I), I=1, NA)

18 FORMAT(l0F8.4)

READ(l,18)(RB(I), I=1, NB)

READ(l,18)(ZBCI), 1=1, NB)

Most of the input variables in the main program represent variables

in [1] and [2]. Table 3 relates input variables in the main program to

variables in [1] and [2]. The input variable NT in Table 3 represents both n t andI

n T. It is assumed that nt = n Tin the main program. The Gaussian quadrature
(n ~ ~ T nt (n(

data , Ag,, , z and A are given in [4, Appendix A]. It is
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Table 3. Input data for the main program.

Variable in Variable in Equation or figure
main program [1] or [2] number in [1] or [2]

NT nt 
= nT [2, Eqs. (35) and (79)]

NPHI n, [2, Eq. (36)]

(nt)
XT x9, , £' = 1,2 .... nt  [2, Eq. (35)]

(n )
AT Ak, , ' = 1,2,...n t  [2, Eq. (35)]

(n )

x x( 9, = 1,2 .... n [2, Eq. (37)]

(n)
A A(n, £ = 1,2,...n [2, Eq. (36)]

NA N [1, Fig. 4]

NB N [1, Fig. 51

MA M [1, Fig. 41

MB M [1, Fig. 5]

MC M [1, Figs. 4 and 5]

BK k+  [1, Eqs. (73)-(84)]

UR -/1+ [1, Fig. 1]

ER E-/E +  [1, Fig. 1]

THR(1) et [1, Eq. (92)]

RA P, j = 1,2,.. N+ [1, Eq. (11)]

-+ .N+

ZA zj i = 1,2,...N [1, Eq. (11)]

RB pi, j = 1,2 .... N [1, Eq. (11)]

ZB zj J - 1,2,...N [1, Eq. (11)]

______________ ,-'-
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assumed that N+ > 3, N- > 3, and M > 1. It is also assumed that either

or and that either orM > 1[N-M - M =

_ If { , then there is no conductor below
N M M-> 1 M =0

the aperture as in [1, Fig. 18]. If M , then there is
N M M 0

no conductor above the aperture as in [1, Fig. 10]. In Table 3, THR(l)

is in radians.

The input variables LA, LB, LC, Ml, and M2 are not listed in Table 3.

The input variables LA, LB, and LC allow for generating curves different

from those in [1, Figs. 4 and 5]. LA, LB, and LC are either 0 or 1.

LA = 0 if the generating curve of the surface (S + A)

does not close upon itself.

LA = 1 if the generating curve of the surface (S + A)

closes upon itself.

LB = 0 if the generating curve of the surface (S + A)

does not close upon itself.

LB = 1 if the generating curve of the surface (S + A)

closes upon itself.

LC - 0 if the generating curve of the aperture does not

close upon itself.

LC = I if the generating curve of the aperture closes

upon itself.

For example, LA = 0, LB = l,and LC = 0 for the generating curves in [1,

Figs. 4 and 5). If LA = 1, it is assumed that M+ > I and N+ - M'- M - 2.
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If LB = i, it is assumed that M- > 1 and that N- - M- - M > 2. LC = 1

implies that the object under consideration reduces to a homogeneous

material obstacle with parameters (V-, c) in contrast with the parameters

of the external environment. As for Ml and M2, [1, Eqs. (87)-(89)] are

printed out for n = Ml, Ml + 1,...M2.

Minimum allocations in the main program are given by

COMPLEX XX(N), YP(M*JA*JA), ZP(M*JA*JA),

YM(M*JB*JB), ZM(M*JB*JB), R(2*M*JA),

T(N*N), Y(N)

DIMENSION XT(NT), AT(NT), X(NPHI), A(NPHI), RA(NA),

ZA(NA), RB(NB), ZB(NB), IPS(N)

where

4 4
N = LlA(I) + LlB(I) + L2(l) + L2(2) + L3(l) + L3(2) (29)

M = M2 -Ml + 1 (30)

JA =2* NA - 3 (31)

JB = 2 * NB - 3 (32)

The L's on the right-hand side of (29) are calculated in the main program.

At any rate, N is the order of the moment matrix T given by [1, Eq. (33)].n

At the end of this section, the main program is listed along with

sample input and output data. The sample data are for the object of

[1, Fig. 13] with k a = 2.5 and c = 2 as in [1, Fig. 17]. The output datar

printed under the heading "Electric current on first part of outside con-

ductor"are. with reference to [1, Eq. (87)],

.t+O -+. Mand an n j = 2,3, .. M. (33)

j0+ + (34)
(t+), j = 1,2,3,...M (34)

n J
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The real and imaginary parts and magnitudes of (33) are printed under

the heading "Real JT Imag JT Mag JT." The real and imaginary parts

and magnitudes of (34) are printed under the heading "Real JP Imag JP

Mag JP." The output data printed under the heading "Electric current

on second part of outside conductor" are

St+ ,+ j = M+ + M + 1, M+ + M + 2,..N + - 1 (35)
n j

and

? t.) ( J = M+ + M, M+ + M + 1 .... N+ 
- I - LA (36)

n j

The output data printed under the heading "Electric current on first part

of inside conductor"are, with reference to [1, Eq. (88)],

jt ), j = 2,3,...M (37)n j

and
J-e (t-), j = 1,2,3,...M- (38)

n j

The output data printed under the heading "Electric current on second part

of inside conductor" are

jt-0(i), j = M- + M + 1, M- + M + 2 .... N- - 1 (39)

and

(t), j = M + M, M + M + 1,...N - I - LB (40)

The output data printed under the heading "Electric current in

aperture" are, with reference to [1, Eq. (87)],

t+ ++ + +
jt ),j = M  + 1, M + 2 ... M + M (41)
n 3

and

J+(t) M + 1, M+ + 2 .... M+ + M - 1 - LC (42)

n
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If, as in [1, Fig. 18], there is no conducting surface below the aper-

ture, then j = M + 1 is deleted in (41). If, as in [1, Fig. 101, there

is no conducting surface above the aperture, then j = M+ + M is deleted

in (41). The output data printed under the heading "Magnetic current in

aperture" are, with reference to [1, Eq. (89)],

to-- + + +n (t j = M + 2, M + 3,...M + M - 1 (43)

and

M tj ( = M + 1, M++ 2 .. .M+ + M - 1 - LC (44)
n

If, in any of (33)-(44), the upper limit on j is less than the starting

value of J, then no values of j are to be taken. For example, if M = I

in (33), then no values of j are to be taken in (33).

Since (1, Eq. (12)] is used for p, the factors 2, 4j, 2j, and 4

are needed in [1, Eqs. (87)-(89)] when n > 1. In the main program, lines

48-51 store these factors in C3, C4, C5, and C6. Line 53 stores in BB

the propagation constant of the medium characterized by (pi, c) in

f[, Fig. 1]. This propagation constant is called k-. With regard to

[1, Eq. (33)], line 54 stores nr in ET and line 55 stores 1/nr in ETl.

DC loop 23 puts k p in RA(I) and k'Z in ZA(I). DO loop 24 puts

k P1 in RB(1) and k zI in ZB(I).

The elements Y pq± and Z p q± of the submatrices on the right-hand
nij nij

side of [1, Eq. (33)] are given by [i, Eqs. (36) and (35)]. The testing
functions W and the expansion functions Jq± appear in f1, Eqs. (36)

n i -nj

and (35)]. However, the submatrices supplied by the subroutine YZA are

y,rs± and Z rs' whose elements are defined by
n n

il i I
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Y,rs
+-  = W

r t,
,  + s

_

a_ H , , 0)> (45)

ni'j ni' -nj

Equations (45) and (46) are (3) and (4) with the superscript ± appended,

with i replaced by ', and with j replaced by j'. In (45) and (46), the

r± S+
testing functions are niW., and the expansion functions are J3 ,. To

obtain pq from Ynrs and -p± from Zrs± we must express Wn 1i

terms of W and J in terms of J j,. From [1, Eqs. (23), (24), (27),
r!i qi n

(28), (30), and (37)], we obtain

p (P± (47)
-Si -ni

where * denotes complex conjugate. [1, Eq. (48)] and (47) state that the

testing functions are the complex conjugates of the expansion functions.

Hence, the expressions for WPi in terms of W r, will be similar to the
i ri

expressions for Jq± in terms of JS,. Consequently, it suffices to ex-q+ +s

press Jq+ in terms 
of J S +

nj -nj

(1, Eq. (16)] with the choice of superscript + is rewritten as

nj' J ' = I+MlA(l), 2+MIA(l),... LIA(l) + MlA(l) (48a)

31+ = - J' ' = I+MIlA(2), 2+MlA(2),... LIA(2) + MIA(2) (48b)
j+

-nj a-+J1j' I+MlA(3), 2+MlA(3),... LlA(3) + MlA(3) (48c)

+
+ J9 V I+MIA(4), 2+MlA(4),... LlA(4) + M1A(4) (48d)

where

- ~ A
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l n+,J, - 1, 2,... N -2 (49a)
+

J 5= nj,_N++2 , = N+ - 1, N+, ... 2N+ - 3 (49b)

The vector functions (49a) are the t dilected expansion functions on the

surface (S+ + A) in [1, Fig. 4]. The vector functions (49b) are the ¢

directed expansion functions on the surface (S+ + A) in [1, Fig. 4].

Instead of expressing each j' in (48) in terms of j, we state that jl+
-nJ

is the jth vector function listed on the right-hand side of (48). For

j+ +
example, if j = L1A(l)+3 and if LlA(2) > 3, then J .= J+- -nj -J,3+MlA(2)"

In (48),

LA(l, = Max(O, le - 1) 
(50a)

LlA(2) = M+  (50b)

LlA(3) = Max(O, N+ - M+ - M - 1) (50c)

LIA(4) = N+ - M - M - LA (50d)

MlA(l) = 0 (51a)

MlA(2) = N+-2 (51b)

MlA(3) = 1+ + M-i (51c)

MlA(4) = N+ + M+ + M - 3 (51d)

where Max denotes maximum value. The parameters (LIA(I), 1=1,2,3,4)

and (MIA(I), I=1,2,3,4) are calculated by lines 64-71 of the main

program.

The vector functions (48a) are the t directed expansion functions

on the first part of the outside conductor. The first part of the
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outside conductor is the part of S+ below the aperture in [1, Fig. 4]. The

vector functions (48b) are the 4 directed expansion functions on the first

part of the outside conductor. The vector functions (48c) are the t directed

expansion functions on the second part of the outside conductor. The second

+part of the outside conductor is the part of S above the aperture in fl,

Fig. 4]. The vector functions (48d) are the 4 directed expansion functions

on the second part of the outside conductor.

-J'' j' 1+MIB(l), 2+1I1B(1), ... LIB(i) + M113(1) (52a)

j' J ' I+MIB(2), 2+MlB(2), ... LIB(2) + M1B(2) (52b)

j= J j' 1+MlB(3), 2+MlB(3), ... LIB(3) + MIB(3) (52c)

n, j' I+MlB(4), 2+MIB(4), ... LIB(4) + MIB(4) (52d)

where

J, = 1,2,... N -2 (53a)

I ,j,_N+2 , J' = N -I, N,... 2N--3 (53b)

The vector functions (53a) are the t directed expansion functions on the

surface (S + A) in [1, Fig. 5]. The vector functions (53b) are the

directed expansion functions on the surface (S + A) in [1, Fig. 51. Equa-
1l-

tion (52) means that J - is the jth vector function listed on the right-

hand side of (52). In (52),

LIB(I) - Max(O, M - 1) (54a)

LIB(2) = M (54h)

LIB(3) - Max(O, N - M - M - i) (54c)

LlB(4) - N - M M - LB (54d)

j * F. - .
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MIB(1) 0 (55a)

M1B(2) = N - 2 (55b)

M1B(3) = M + M -1 (55c)

MIB(4) = N + M + M -3 (55d)

The parameters (LlB(I), I = 1,2,3,4) and (MlB(I), I = 1,2,3,4) are calcu-

lated by lines 72-79 of the main program.

The vector functions (52a) are the t directed expansion functions

on the first part of the inside conductor and (52b) are the 4 directed

expansion functions there. The first part of the inside conductor is the

part of (S + A) below the aperture in (1, Fig. 51. The vector functions

(52c) are the t directed expansion functions on the second part of the

inside conductor and (52d) are the 4 directed expansion functions there.

The second part of the inside conductor is the part of (S + A) above the

aperture in [1, Fig. 51.

(1, Eq. (17)] with the choice of superscript + is rewritten as

--nJ? ' j = l+M2A(l), 2+M2A(l), ... L2(1) + M2A(l) (56a)

J-- J ' = l+M2A(2), 2+M2A(2), L2(2) + M2A(2) (56b)

+ j2+

where j is given by (49). Equation (56) means that -J is the jth

vector function listed on the right-hand side of (56). In (56),

M+ 0, LIA(4) #0

M-i M+  0, LIA(4) # 0
n2(1) + <(57a)

M-I M+  0, LIA(4) = 0

M-2 0 , LlA(4) = 0

* .!
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L2(2) = M - 1 - LC (57b)

M2A(1) = Max(O, M+ - 1) (58a)

M2A(2) = N' - 2 + M (58b)

where LlA(4) is given by (50d). The parameters L2(l), L2(2), M2A(l),

and M2A(2) are calculated by lines 80-85 of the main program.

The vector functions (56a) consist of the t directed expansion

function which straddles the first part of the outside conductor and the

aperture, the t directed expansion functions in the aperture, and the t

directed expansion function which straddles the aperture and the second

part of the outside conductor. The vector functions (56b) are the 4

directed expansion functions in the aperture. Four different cases are

necessary in (57a) because there is no t directed expansion function

which straddles the first part of the outside conductor and the aperture

if the first part of the outside conductor is absent and there is no t

directed expansion function which straddles the aperture and the second

part of the outside conductor if the second part of the outside conductor

is absent.

[1, Eq. (17)] with the choice of superscript - is rewritten as

J n J ' = l+M2B(l), 2+M2B(l), ... L2(l) + M2B(l) (59a)

32- =

-nj

-ni ' = l+M2B(2), 2+M2B(2), ... L2(2) + M2B(2) (59b)
1- j 

2-where Jni is given by (53). Equation (59) means that -nj is the Jth

vector function listed on the right-hand side of (59). In (59), L2(l)
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and L2(2) are given by (57). M2B(l) and M2B(2) are given by

M2B(l) = Max(O, M - 1) (60a)

M2B(2) = N -2 + M (60b)

M2B(1) and M2B(2) are calculated by lines 86-87 of the main program. The

vector functions (59a) consist of the t directed expansion function which

straddles the first part of the inside conductor and the aperture, the t

directed expansion functions in the aperture, and the t directed expansion

function which straddles the aperture and the second part of the inside

conductor. The vector functions (59b) are the directed expansion func-

tions in the aperture. Because of [1, Eqs. (15b) and (15d)], the vector

functions in the aperture in (59) are the same as the vector functions in

the aperture in (56).

[1, Eq. (22)] is rewritten as

,+ , J= 1+M3A(l), 2+M3A(l), ... L3(l) + M3A(l) (61a)

j3+

--nU
3+

J ' = l+M3A(2), 2+M3A(2), ... L3(2) + M3A(2) (61b)

1+ j3+

where --J, is given by (49). Equation (61) means that 3n is the jth

vector function listed on the right-hand side of (61). In (61),

L3(l) = Max(O, M - 2) (62a)

L3(2) = L2(2) (62b)

M3A(l) = M (63a)

M3A(2) = N+ - 2 + M+  (63b)

where L2(2) is given by (57b).. L3(l), L3(2), M3A(l), and M3A(2) are

ig,
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calculated by lines 88-91 of the main program. The vector functions

(61a) are the t directed expansion functions in the aperture. The vector

functions (61b) are the directed expansion functions in the aperture.

Replacement of the superscript + in [1, Eq. (22)] by the super-

script - gives

-n- j = 1,2, ... M-2

J3-: (64)-nj

J M- j = M-l, M, ... 2M-3n,j+M- - M+2 ..

Equation (64) is consistent with [1, Eqs. (22), (37), (15b), and (15d)].

Equation (64) can be rewritten as

J j , , j' = I+M3B(l), 2+f3B(1), ... L3(1) + M3B(1) (65a)

3-

-nj

J-n' , J ' = I+M3B(2), 2+M3B(2), ... L3(2) + M3B(2) (65b)

3-

where J , is given by (53). Equation (65) means that Jnj is the th

vector function listed on the right-hand side of (65). In (65), L3(l)

and L3(2) are given by (62a) and (62b). M3B(l) and M3B(2) are given by

M3B(l) = M (66a)

M3B(2) = N- - 2 + M (66b)

M3B(l) and M3B(2) are calculated by lines 92-93 of the main program. The

vector functions on the right-hand side of (65) are the same as those on

the right-hand side of (61).

To accompany the expansion functions J-,, of (49) and (53), testing
+n

4
functions W i, are defined by

* [
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+ +

W± = (J_ -- hi'' ) (67)

Equations (49), (53), and (67) allow (45) and (46) to be recast as

+ + + +,- _ _<Wni -(i 0
Yni'j' H0)> (68)

+ + 1 + +

, j,= - <i, E-(J>, P 0)> (69)n n -n

Expressions (68) and (69) are the matrix elements supplied by the sub-

routine YZA.

Line 94 stores in JA the order of the matrices Y'+ and Z+ whosen n

i'j'th elements are given by (68) and (69). Line 95 stores in JB the

order of the matrices Y' and Z whose i'j'th elements are given by
n n

(68) and (69). Line 96 stores in IA the total number of vector func-

tions listed on the right-hand side of (48). IA is the order of the

submatrix Z11+ in [1, Eq. (33)]. Line 97 stores in IB the total number
n

of vector functions listed on the right-hand side of (52). IB is the

order of the submatrix Z11 - in [1, Eq. (33)]. Line 98 stores in N then

order of the matrix Tn of [1, Eq. (33)].

Line 99 puts Y'+ of (68) in YP ((n-M1)*JA*JA+l) to YP((n-Ml+l)*JA*JA)
n

and Z+ of (69) in the corresponding region of ZP for n = Ml, Ml+l, ... M2.
n

Storage of Y'+ and Z+ in YP and ZP is by columns. Line 100 puts Y' ofn n n

(68) in YM((n-Ml)*JB*JB+l) to YM((n-Ml+l)*JB*JB) and Z of (69) in then

corresponding region of ZM for n = Ml, Ml+l, ... M2. Storage of Y' and
n

Z in YM and ZM is by columns. With reference to [1, Eq. (103)], line 101n

puts

Af-V
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vtO

n in R(i' + Jl) , ' 1,2,...NA-2

ni'
_(70)

Vn, in R(i' + Jl + JA) i' 1,2,. ..NA-2

V in R(i' + J1 + JA + NA-2) , i' = 1,2, ..NA-1

where

Jl = (n - Ml) * 2 * JA (71)

and
n = Ml, Ml + 1, ... M2 (72)

DO loop 82 puts k 1 in RB(J). k jP is needed in order to calculate
I J

[1, Eq. (88a)].

DO loop 86 obtains n according to n = M-1. If n # Ml, DO loop 89
++

moves Y' down into YP(l) to YP(JA*JA) and Z+ down into ZP(1) ton n

ZP(JA*JA), DO loop 90 moves Y' down into YM(l) to YM(JB*JB) and Z downn n

into ZM(1) to ZM(JB*JB), and DO loop 91 moves the V's of (70) down into

R(l) to R(2*JA).

The only difference between YnlqT of [1, Eq. (36)1 and Y' of
nij ni'j

(68) lies in the testing functions and expansion functions. Likewise,

the only difference between Z of [1, Eq. (35)] and Zn j+ of (69)
nij 'nl

lies in the testing functions and expansion functions. The expansion

functions in [1, Eqs. (36) and (35)] are related to the expansion func-

tions in (68) and (69) by (48), (52), (56), (59), (61), and (65). Accord-

ing to (67) and (47), the testing functions are the complex conjugates

of the expansion functions. Hence, the complex conjugates of (48), (52),

(56), (59), (61),and (65) relate the testing functions in [l, Eqs. (36)

and (35)] to the testing functions in (68) and (69). As a result,

S.. . . .. ' ., .,.11
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Pq± = Y± (73)

z pq± =- (74)
nij ni'j'

where J' is the subscript of the jth vector function listed on the right-

hand side of either (48), (52), (56), (59), (61), or (65), whichever is

appropriate. Similarly, i' is the subscript of the ith vector function

listed on the right-hand side of either (48), (52), (56), (59), (61), or

(65), whichever is appropriate. For example, if p = 2 and q = 1 and if the

superscript + is chosen in (73), then (73) becomes

y21+ ,
Y2 += Yni'+ (75)

nij ni'j

where j' is the subscript of the jth vector function listed on the right-

hand side of (48) and i' is the subscript of the ith vector function listed

on the right-hand side of (56).

With regard to [1, Eq. (33)], DO loop 25 uses (73) and (74) to store

11I+
z +n

0 (76)

Z21+
n

y31+
n

by columns in T. The elements of the submatrices in (76) depend on the

expansion functions (48). Hence, J' in (73) and (74) is the subscript of

the jth vector function listed on the right-hand side of (48). The index

of DO loop 25 is JJ. If JJ - 1, inner DO loop 26 obtains the values of j

for which J' is given by (48a). If JJ 2, DO loop 26 obtains the values

,1- _ _ -. , -ik "
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of j for which J' is given by (48b). Similarly, if JJ = 3, DO loop 26

obtains the values of j covered by (48c). Finally, if JJ = 4, DO loop

26 obtains the values of j covered by (48d).

The elements of Z ll+ in (76) depend on the testing functions W-hi
n --ii

These testing functions are related to W. of (67) by the testing func---l'

tion version of (48). The testing function version of (48) is (48)
1l+ relcdb 1+ J++

with J-- replaced by W -1 j replaced by W+  and j' replaced by i'.

It is now apparent that i' in (74) is the subscript of the ith vector

function listed on the right-hand side of the testing function version

of (48). Inside nested DO loops 27 and 28, line 141 stores the appro-

priate element of ZI I+ of (76) in T. The index of DO loop 27 is II.
n

If II = 1, DO loop 28 obtains the values of i for which i' is given by

the testing function version of (48a). If II = 2, DO loop 28 obtains

the values of i for which i' is given by the testing function version

of (48b). Similarly, if II = 3, DO loop 28 obtains the values of i

covered by the testing function version of (48c). Finally, if II = 4,

DO loop 28 obtains the values of i covered by the testing function ver-

sion of (48d).

DO loop 29 takes care of the 0 in (76).

The elements of Z 21+ in (76) depend on the testing functions Wh2"
n -i+

These testing functions are related to W of (67) by the testing func-

tion version of (56). Hence, i' in (74) is the subscript of the ith

vector function listed on the right-hand side of the testing function

version of (56). Inside nested DO loops 30 and 31, line 157 stores

the appropriate element of Z2 1+ of (76) in T. The index of DO loop 30
n

is II. If II = 1, DO loop 31 obtains the values of i for which i' is

L. J. . ...................... -
" . .
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given by the testing function version of (56a). If II = 2, DO loop 31

obtains the values of i for which i' is given by the testing function

version of (56b).

The elements of Y 31+ in (76) depend on the testing functions W "
n -n i

These testing functions are related to W+i of (67) by the testing func-

tion version of (61). Hence i' in (73) is the subscript of the ith

vector function listed on the right-hand side of the testing function

version of (61). Inside nested DO loops 32 and 33, line 168 stores the

appropriate element of Y31+ of (76) in T. The index of DO loop 32 is II.
n

If II = 1, DO loop 33 obtains the values of i for which i' is given by

the testing function version of (61a). If II = 2, DO loop 33 obtains the

values of i for which i' is given by the testing function version of (61b).

With regard to [1, Eq. (33)], DO loop 34 uses (73) and (74) to store

0

r n (77)
jZ 21

-

r n
y31-

n

by columns in T. Nested DO loops 34 and 35 obtain the values of j in (73)

and (74). In (73) and (74), J' is the subscript of the jth vector function

listed on the right-hand side of (52). DO loop 36 obtains the 0 in (77).

Nested DO loops 37 and 38 obtain the values of i for Z11  of (74) in which i'
nij

is the subscript of the ith vector function listed on the right-hand side of

the testing function version of (52). Nested DO loops 39 and 40 obtain the
21-

values of i for Zn21 of (74) in which i' is determined by the testing func-
nij

tion version of (59). Nested DO loops 41 and 42 obtain the values of I for

,.a, . I

- - '. - .-
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31-

Ynj of (73) in which ' is determined by the testing function version

of (65).

With regard to [1, Eq. (33)], DO loop 43 uses (73) and (74) to

store

12+
n

Z (78)

22+ +r 22-

y32+ + y32-
n n

by columns in T. Nested DO loops 43 and 44 obtain the values of j in

(73) and (74) in which j' is determined by (56) for the submatrices with

superscript + in (78) and by (59) for the submatrices with superscript -
_12+

in (78). Nested DO loops 45 and 46 obtain the values of i for Zn12 of
nij

(74) with i' determined by the testing function version of (48). Nested

12-DO loops 47 and 48 obtain the values of i for Znij of (74) with I' de-

termined by the testing function version of (52). Nested DO loops 4q
22+ 22- _22+

and 50 obtain the values of i for Zn22_ + ir Zn22 of (78). Zn22+ is givennij r nij 0nij
by (74) with i' determined by the testing function version of (56). Zn2j

n ij
is given by (74) with ' determined by the testing function version of

y32+ + 2
(59). Nested DO loops 51 and 52 obtain the values of i for Yn3 + Yn32 of

nij nij.32+

(78). Y 32 is given by (73) with ' determined by the testing functionnij

version of (61). Yn32-is given by (73) with ' determined by the testing

function version of (65).

With regard to [1, Eq. (33)], DO loop 53 uses (73) and (74) to

store

I -- __
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-y 1 3 +

n

y 3 -
n (79)

_y23+ _ 23-
n n

33+ 1 33-
Z +( Z

r

by columns in T. Nested DO loops 53 and 54 obtain the values of j in

(73) and (74) with j' determined by (61) for the submatrices with

superscript + in (79) and by (65) for the submatrices with superscript -

in (79). Nested DO loops 55 and 56 obtain the values of i for Yn13 of
nij

(73) with i' determined by the testing function version of (48). Nested

13-
DO loops 57 and 58 obtain the values of i for Y of (73) with i' de-

nij

termined by the testing function version of (52). Nested DO loops 59
23+ 23 .23+

and 60 obtain the values of i for -Yn23 - Yni1 uf k79). Yn23 is givennij nij nij

by (73) with i' determined by the testing function version of (56).

Y23- is given by (73) with i' determined by the testing function version
nij

of (59). Nested DO loops 61 and 62 obtain the values of i for

33+ 1 33- 33++ (-) Z of (79). Z is given by (74) with i' determined bynij r nij nij33-

the testing function version of (61). Znij is given by (74) with i'

determined by the testing function version of (65).

Now that the moment matrix T has been stored in T, we turn to then

excitation vector 0 of [1, Eq. (101)]. The V's on the right-hand side
n

of [1, Eq. (103)] reside in R. Because DO loop 91 has been executed,

storage in R is not according to (70) as it stands but according to (70)

without the offset Jl. The auxiliary equation involving the W's in

A_.
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[1, Eq. (103a)] is the testing function version of (48). Likewise, the

auxiliary equation in [l, Eq. (103b)] is the testing function version

of (56), and the auxiliary equation in [1, Eq. (103c)] is the testing

function version of (61).

Based on the considerations in the preceding paragraph, lines

336-378 store B of [l, Eq. (101)] in Y. Nested DO loops 63 and 64
n

store il+o of [1, Eq. (101)] in Y. The sign factor S in line 346n

compensates for the minus sign in front of Vi, in (70). The number of

elements in the row vector 0 in [1, Eq. (101)] is IB because this row

vector can be traced back to [1, Eq. (39b)]. DO loop 65 stores this

-.40
row vector in Y. Nested DO loops 76 and 77 store V n of [l, Eq. (101)]

in Y. Line 364 compensates for the minus sign in front of V, in (70).

Nested DO loops 66 and 67 store 1i0 of [1, Eq. (101)] in Y. The offset
n

JA in line 370 is mandated by the superscript $ in V n in [1, Eq. (103c)).
rn

Line 376 accounts for the net effect of the minus sign in front of V nI in

nni[1, Eq. (i03c)] and the minus sign in front of V , i 7)

Line 379 decomposes T into the product of a lower triangular matrix
n

with an upper triangular matrix. Line 380 stores the solution X to [1,
n

Eq. (65a)] in XX. The elements [1, Eq. (68a)] of ke are the I's and V's
n

in [1, Eqs. (87)-(89)J. Lines 384-385 store e in Cl. Line 386 storesn

4j in C2. If LlA(2) = 0, then it is evident (50a) and (5Ob) that LlA(l) = 0

so that no values of j are to be taken in (33) and (34). If LIA(2) > 0,

line 392 prints (33) and (34). If LIA(4) = 0, then it is evident from

(50c) and (50d) that LIA(3) = 0 so that no values of j are to be taken

in (35) and (36). If LlA(4) > 0, line 398 prints (35) and (36). Line

403 prints (37) and (38). Line 409 prints (39) and (40).

, t
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If L2(l) L2(2) = 0, then it is evident from (57a), (57b), (62a),

and (62b) that L3(l) = L3(2) = 0 so that no values of j are to be taken

in (41) - (44). If either L2(1) > 0 or L2(2) > 0, then line 417 prints

(41)-(42). If L2(2) = 0, then it is evident from (57b), (62a) and (62b)

that L3(1) = L3(2) = 0 so that no values of J are to be taken in (43) and

(44). If L2(2) > 0, line 421 puts 2j in Cl, lines 422 and 423 put 2e in
n

C2, and line 424 prints (43) and (44).

LI
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001 C LISTING OF THE MAIN PROGRAM

002C THE SUBPROGRAMS YZA*BLOG*PLANE*OECOMP*SCLVEs AND PRNT ARE NEEDED
0023 //PGM4 J013 (XZXXJXX.*2.2).*MAUrZ.JOE6,REG1ON=-275K
004//' EXEC IWATFIV

005 //GO.SYSIN 00*
006 SJOB MAUZ.T IME=5.PAGES=60
007 COMPLEX CI.C2.C3.,C4.CS.C6.XXI119YPC2209).ZP(2209).YM( 2209)

008 COMPLEX Z4122O9)%R(240)vTl624)9'(79)

009 DIMENSION XT(I0).Ar(l0),X(48).A(418).THR(3).RA(43).ZA(43) .RB143)

010 DIMENSION ZB(431.L1A(4).MIA(4).LIB(4).M18(4IL2(2).M2A(2).M28( 2)

oil DIM4ENSION L3(2),'43A(2)9M3B(2)*IPS(79)

012 COMMON CI.C2*XX*JX
013 READ(to15i NTwNPHl

014 15 FORMAT(2.31

015 WRI1E(3*91 NT*NPHI

0146 9 FOR.MATIO NT NPHI~fa X. 3. I53
017 REAO(1.10)(XT(K)*K1.qNT)

cis REAO(I.10)CA1(X)*K1.*NT)

019 10 FORMAT1SEt4.7)

02t WRITEC3*12)(AT(K) .K1.NT)

02 2 11 FORMATIS XTO/lIX95E14.7))

323 12 FORMAT(f AI*/(IX*5E14.7))

024 READ~I.1O)IXIK).K=1.NPH1)

025 REAO(1. 1Ol(A(K).K=1.NPHI)

026 WA1TE(3*I3)(X(K)*K=I*NPHI)

027 WRITE(3vI4)(A(K) ,K1.NPHI)

028 13 FORM&TIS X'/11X.5E14*7))

029 14 FCRMATIO A*'/(IX.5E14.7))

03C REAO(1.161 NA.N8.NA.M8.MC.LA.LB.LC.M1.M2.83KURoERT'R(1

U)31 16 FORNIAT(1OI3/4E14*7)

0232 WRITE(3917) NA.NIIMA.M8.MC.LASLSSLCMlM2,BK.URSER.THRI1)

0233 1? FORMAT(@ NA NS MA M8 MC LA LS LC MI M2*/1Xo103/7X48K.2X9*UR,

034 112X.IERO.10X.OTHR(1)6/lX.4E14.7)
035 READ(1.18)LAA(1)*.11.NA)

036 REAO(1.ISI(ZA(1)*I11.NAJ

023? IS FORMAT(10FS.41

038 WRJTE(3919)(RA(1)*I=I*NA)

039 WRITE(3o20i(ZA(ZJ.11.*NA)
040 19 FORMATIS RAO/(1X*10F8.4)1

041 20 FORMAr(* ZA*.'(ZX.10F8.41)

042 AEAO(Iipl8I(RS(I)*.11.NBI
043 REAO(IIS1)l18lI)wI=I*N8)

044 WRITE(3.2I)(RB3(I)9I=1.NB)

045 21 FOPMATI* Re*/(IX.IOFO.4))

046 WRITE43.22 )fZ61I)9I=1NB)

04? 22 FORMAT40 ZB4Id'lX.10F8*4))

048 C3-20

049 C4=4.*(Ooo1.)

cso C5=2.*40ootol
051 C64*
052 UE=SQRT(URSER)
053 08B8KOUE
054 ET-SORT( URR
055 ETIalISET
056 00 23 I£1.NA
057 RAC I IUOK*RA( I J
058 ZA(II2OICOZA(If
059 23 CONTINUE
060 00 24 luloNO
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061 RB( I I -BRBI I
062 Z8( I)-88*ze I I
063 24 CONTINUE
064 LIA41 *A1AXO(O.MA-l)

*065 LIA(21=MA
066 LIA(3)aNAXQ0oNA-NA-FMC-I)
067 LIA(4)=NA-MA-MC-L.A
068 P41ACII-0
069 19AC21=NA-2
070 MIA(3)=NA+MC-I
071 MIA(4)=NAMAMC-3
072 LI8(IJ-MAx0(0eMff-aI
073 L1012)=NB
074 LI8(3b-MAX0(09N&-Ne-bMC-l)
075 LI8(4)N-N-M-C-L8
076 MI3( 11-0
077 M18(2J=N&-2
078 Mi 6(3)-m8+MC-I
079 14IS( 4)-NBMB+1C-3
000 1-2(5=00C
081 IF(MA..EO.0) L2113-C-9
082 IF(LIA(1*EQO) L2(l11L2(lI-k
083 L2(21-NC-1-LC
084 M2A(t J=MAXO(O.mfA-&)
085 M2A(2)=NA-2.NA
086 1428C I )=MAXO(o0.Ma-i1
09? M2a(21=NS-2@M8
088 L3(11UMAXO(0.PMC-2l
089 L3(2)-L2(2)
090 M3AtI)=MA
091 MS3A(2)=NA-24MA
092 43atii-ma
093 M3at2l=NI-.2*MB
094 JA=2*NA-3
095 J8-2*Na-3
096 IA-LlA( I3+LIA(2I4L1A(3)*LIAf4
097 1B-L18( 1)+Lta(2R*L18(3)*LIS14)
098 NKIA*184L2(10*L2(2)*L3(1)4L3(2)
099 CALL VZA( Ml.M2.NA.NPHI NT. 0.RA.ZA.X.A.XT.AU.YPZPI
t00 CALL YZA(MI.M2.NaoNpmi.NT.0.RS.za.X.A.XT.AT.YM.9ZN)
l0t CALL PLANE(M1.N2.I.NA.NT.RAZAXTA.T4,ftJ
102 DO 82 j-i*Na
103 RI(j)-Ratj)/ue
104 82 CONTINUE
105 JA2-JAOJA
106 JUZUjae 18
IC7 M30041
100 144-M2+1
109 00 86 M-M3*M4
110 IU(MeEO.M3J GO TO 88

112 JIOJ2*JX2

113 00 89 J-19JA2
t14 yptjjmyp(jfjI5

3315 ZPIJI-ZPI J*JI
116 69 CONTINUE
117 jI-j2.j92

120 ZNIJI-ZMIJ*JII
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121 90 CONTINUJE
122 j3-2*JA
123 jl=J2*J3
124 DO 91 JinI.J3
125 RIJ)=R(J*Jll
126 91 CONTINUE
127 88 JTO0
128 00 25 JJ -I*4
129 J2=LIA(JJJ
130 tF(J2oEO.O) GO TO 25
131 j1NMIA(JJI*JA
132 00 26 J1.9J2
133 00 27 11-1.4

135 IF(13.EO*0) GO TO 2?
136 J3=J1+MIA4111
13? 11~J3*1
138 12=J3+13
139 00 28 1=11.12
140 JT=JT~i
141 T(JT)-ZP(IA
142 28 CONTINUE
143 2? CONTINUE
144 IF(l8.E~o.O GO TO 79
145 00 29 1=1*10
146 Jr=JT~i
147 T(JTI-O.
148 29 CONTINUE
149 79 00 30 I9ul.2
150 13=L21111
151 IF113aEO9O) GO TO 30
152 J3=JI 12 A(I11)
153 lI=J3+1
154 12=J3+13
155 0O 31 1-11*12
156 JT=JT~l
157 T(JTI1ZPII)
158 31 CONTINUE
159 30 CONTINUE
160 0O 32 11in192
161 13=L3(11)
162 IF(IZI.EO.0) GO TO 32
lb3 J3=J+M3A1II)
164 It1j3+t
165 12-J3*13
166 Do 33 1-11.12
167 JT-JT*1
168 TlJTIYVP(11
169 33 CONTINUE
tic 32 CONTINUE
III j1=J1+JA
172 26 CONTINUE
1 73 25 CONTINUE
174 00 34 JJuI.4
175 J2-LIU(JJI
176 IFIJ2oE~o01 GO TO 34
It? JitZI8(JJ)*J6
Its DO 35 Jw1.J2
179 IFIIAoE0*Oh GO TO So

280 Do 36 1-1I.1A
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181 JT-JTG I
1132 T(JI) O.
183 36 CONTINUE

184 80 00 37 11-6.4
185 13 Ll8(11)
186 IF(I3.EO.0) GO TO 37
187 i3-Ji&MIB(I 1)
Id8 IIJ3+1

189 12=J3*13
190 DO 38 1=1i12

1;i JT=JT"
192 T (JT I=ET*ZN( I)
19,3 38 CONTINUE

194 37 CONTINUE

195 DO 39 1112
196 13=L2111)
197 IF( 13.EO.0) GO TO 39

198 J3=Ji1M28(111

199 11=J31

200 12=J3+13
201 00 40 1=11.12

202 JT=JT+1
203 TC(JTI-=ETZM(II)
204 40 CONTINUE
205 39 CONTINUE
206 00 41 i11l192
207 13L3(111

208 IF(13 E(1*0) GO TO 41

209 J3=J 1 +M384Ii1
210 11=J3+1
211 i2=J313
212 00 42 1=11.12

213 JT-JT*I

214 r(JTJ)=TNI
215 42 CONTINUE

216 41 CONTINUE
217 JIJI+Je

218 35 CONTINUE
219 34 CONTINUE

220 DO 43 JJI.*2
221 J2=L2(JJ)

222 IF(J2oEQo0) GO TO 43
223 JIA=M2A(JJ)*JA
224 JIBMN2B(JJ)SJ8
225 00 44 J-1gJ2
226 DO 45 11 14
227 13=LIA(Ill

228 IF(13.EO.0 GO TC 45

229 J3=JlA+MIA(II)

230 I tJ3#A

231 12-J3#13

232 00 46 111*12
233 JTlJTl

234 T(JT)IZP(i)
235 46 CONTINUE

236 45 CONTINUE

237 DO 47 IIult4
238 !3sLI8III)

239 IF(13.0o01 GO TO 47

240 J3.JIB4MIII )
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241 11 -J3+1
242 12=J3+13

243 DO 48 1-11912
244 TJl
245 T(JT.=ET*ZM(Z)
246 48 CONTINUE
247 47 CONTINUE
248 00 49 11=1.2

24r.4II
250 IFIX3.E0.OJ GO 10 49
2s1 J3=JA4N2A(11)
252 11=J3+1

253 12=J3+13
254 J4=J18+M28tll)
255 00 50 1-11.12
256 J4=j4+t

257 Jr=JT~t
258 T( JY)=ZPC I )4ET4ZM(j43
259 50 CONTINUE
2110 49 CONTINUE
261 00 51 111t.2
262 13-=L3(11)

263 IF(13.EOoO) GO TO 5t
264 J3=JIA+N3A(II)
265 514j3+I
266 12'-J3+13

267 i4=j18+N3B(1I3
268 00 52 1=11.12
269 J4-=J4+1
27G JT=JTeI
271 T(JTI)YP(I),YMIJ4)
272 52 CONTINUJE
273 St CONTINUE
274 JI A=JI A*JA
275 JILe=JIB+JB
276 44 CONTINUE
277 43 CONTINUE
278 00 53 JJI.*2
279 J2=L3(JJ)
2H0 IF(J2.E~o.) GO TO 53
2111 JIA=M3A(JJIOJA
282 JIB=M38CJJI*JB
283 00 54 J1.eJ2
2a4 D0 5S 11-1.4
2835 13=t.IA(91)
286 IF(13.EQ.01 GO TO 55
287 J3-JIAoPMA(II)
288 1I=J3+1
289 12-J3+13
29C 00 56 1-19.12
291 TJl
292 T(JT1 -YPCI)
293 56 CONTINUE
294 55 CONTINUE
295 00 5? 99-t04
296 13-LI04111
2 r.7 [Ftl3oEG.O3 G0 T0 57

299 43 1J341M 8 1

300 12=.1~31

t own
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301 00 58 1-11.12
302 JT-JT+l
303 T(JTJ-YM( 1)
304 58 CONTINUE
305 57 CONTINUE
30 00 59 1-*
308 IV(13.EQ.O) GO TO 59

309 IJ3JA4MA(K

310 60 DO 601=12

318 512CjNTINU

319 00 60 1=1.02

324 J2=J3*+3

328 JT=JT-1
329 T(JTI=ZP( 1)4EI*M(J4
330 62 CONTINUE
318 61 CONTINUE

332 JIAJIA4J3A1)

334 12=CJNTINU
325 53 CONINUE811

336 006Z1111
337 JS=4+

330 62 63NTIE
339 61CONTINUE

332 JIA=JIAII

335 JIB-JY41i

334 64 CONTINUE

335 63 CONTINUE

336 JY=O

35388 DO 6 112*
356 13=L2(I
35? IFCI3oEQ0O1 GO TO 76
358 J3=M2A(11)

343 12=J3+13

34 DO6 411
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361 DO 77 (=11.12
3b2 jy= JV 0.
3t3 Y V) =R (I
364 IF(It.EQ.21 Y(JY)=-Y(JY)
365 77 CONTINUE
366 76 CONTINUE

361 DO 66 11-1.2
368 I3=-L3(I1)
369 IF(13.EQ.0) GO TO 66

.110 J3=MJA(1I)*JA
371 I1-J3+1
372 12=J23+13
3723 DO 6? 1=11.12
314 jy~jy*&

315 Y(JY)=R(1)
316 IFLII.E0.23 Y(JV)=-Y(JY)
377 6? CONTINUE

378 66 CONTINUE
379 CALL DECOMP(NeIPS.T)
380 CALL SOLVE4No(PS9T.YvXX)

381 Ms5M-1

392 WRITE13o96) MS
343 96 FORMAlr(0O'.13**TH MODE ELECTRIC AND MAGNETIC CURRENTS*)
384 C1=C3

385 IFCMS.EQ*0) Cl~1.
386 C2-C4
387 JK~o
388 J2-LIA(2)

389 IF(J2*EO.O) GO TO 84
3qa WRITE(39681
391 68 FORMArI'0a..ECTRIC CURRENT ON FIRST PART OF OUTSIDE CONDUCTORS)

392 CALL PRNT(LLA(1).J2v1.1.RA)
393 84 J2=LIA(4)
394 IF(J2.EQ.0) GO TO 74
395 WRITE(.39691

396 69 FORMAT('OELECTRIC CURRENT ON SECOND PART OF OUTSIDE CONDUCTORS)
2397 J3=MA+MC

398 CALL PRNTfLIA(3).J2wJ3*J3sRAl
399 74 J2=L18(21
400 IF(J2.EO&0) GO TO 85
401 WRITE(3*703

402 70 FORMAT(*OELECTR1C CURRENT ON FIRST PART OF INSIDE CONDUCTORS)
403 CALL PRNT(LI1B(1)vJ29IIo.8l

404 85 J2=Lto(4)

405 IF(J2.EO) GO TO 75
406 WRITE(3*71)
407 71 FORMAT40OELECTRIC CURRENT ON SECOND PART OF INSIDE CONDUCTORS)

408 J3-MB4MC
409 CALL PRNT(LIB(3)sJ29J39J3sRB)

410 75 J1=L2L11l

411 J2-L2(2)
412 IF(IJI4J2l.EO.01 GO TO 86
413 WRITEC3*721

414 72 FORMATC'OELECTRIC CURRENT IN APERTURE*)
415 J3=M2A(11*1

416 J4-MA41
417 CALL PRNT(JI.J2*J3oJ4*RA)
418 IF(J2.EO90) GO TO 86

419 WRITE(3.73)

420 73 FORMAT(4OMAGNETIC CURRENT IN APERTURES)
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421 CI:C5
422 C2=C6
423 IF(M5.EQ.O) C2-2.
424 CALL PRNr(L3(I)9J2,J49J4*RA)
425 86 CONTINUE
426 STOP

427 END
$O A TrA

2 20
-0.5773SO3E+0O 0.5773503E+00

0.1000000. 01 0.100000E+01
-0.9931286E,00-0.9639719E+00-0.9122344E+00-0.391170E+00-0.7633I91.,00
-0.6360537EO0-0.5108670E I00-O..737061E+00-.2277859E+00-0.7652652--O1
0.7652652E-01 0.2277859E,00 0.3737061E+00 0.5108670E+00 0.6360537E+00
0.7463319E+00 0.8391170E00 0.9122344E00 O.C,6397L9E+00 0.9931286E+00
0.176140E-01 0.4060143E-01 0.6267205E-01 0.0327674E-01 0.1019301E+00
0.1181945E+00 0.1316886E+00 0.1420961E*00 0.1491730E+00 0.1527534E+00
0.1527534E+00 0.1491730E+00 0.1420961E+00 0.1316886EF00 0.1181945E+00
0.1019301-+00 0.8327614E-01 0.6267205E-01 0. 406OL43E-0l 0. 176140I-01
1513 5 4 5 0 0 0 1 1
0.2500000E 01 0.1O00000E+01 0.2000000E+01 0.0000000E600
0.0000 0.2588 0.5000 0.7071 0.8660 0.9659 0.9914 1.0000 0.99t4 0.9659
0.8660 0.7071 0.EOOO 0.2588 0.0000

-1.0000 -0.9659 -0.8660 -0.7071 -0.5000 -0.25e8 -0.1305 0.0000 0.1305 0.2588
0.5000 0.7071 0.8660 0.9659 t.0000
0.0000 0.2415 0.4830 0.7244 0.9659 0.9914 1.0000 0.9914 0.9659 0.7244
0.4830 0.2415 0.0000

-0.2588 -0.2588 -0.2588 -0.2588 -0.2568 -0.1305 0.0000 0.1305 0.2588 0.2588
0.2588 0.25I8 0,2588

SSIOP

//

PRINTED OUTPUT
NT NPHI
2 20

XT
-0.5773503E+00 0.5773503E00

AT
0.1000000E801 O.1000000-401

-0.9931286E+00-0.9639719E00-0 .9 122344E00-0 .83911 70+00-0. 74633 19 E+00
-0.6360537E+00-0.5108670EI 00--0.3737061E00-0.2277859E.O0-0.7652652E-01
0.7652652E-01 0.2277859E+00 0.3737061E00 0.5108670E+0) 0. 6360537E+00
0.7463319E*00 0.8391170E+00 0.9122344E+00 0.9639719E+00 0.9931286E+00

A

0.1761401E-01 0.4060143E-01 0.6267201E-01 0.8327675E-01 0. 1Ot9301F.+00
0.11819458400 0.1316886E+00 0.1420961E+00 0.1491730E+00 0.1527534E+00
O.1527534E+00 0.1491730E+00 0.14201)61E00 0.1.316886E-00 0.1161945E00
0.1019301E+00 0.8327675-01 0.6267208-01 0.4060143E-01 0.1761401E-01
NA No MA MB MC LA LB LC MI M2
i5 13 5 4 S 0 0 0 1 1

SK UR ER THRMI)
0.2500000E+01 0.1000000E+01 0.2000000E+01 0.00000008 00

RA
0.0000 0.2588 0.5000 0.7071 0.0660 0.9659 0.9914 1.0000 0.99t4 0.9659
0e8660 0.7071 0.5000 0.2586 0.0000

ZA
-1.0000 -0.9659 -0.8660 -0.7071 -0.5000 -0.2588 -0*130'i 0.0000 0.1305 0.25d8
0.5000 0.7071 0.8660 0.9659 1.0000

Rl



0.O000 0.2-115 0.4830 0.7244 0.9659 0.9914 1.0000 0.9914 0.9659 0.7244

0.403 0.2115 0.0000

Z t
-0.2588 -0.2d8d -0.2588 -0.2588 -0.2b88 -0.1305 0.0000 0.305 0.2588 0.2588

0. 'is8 0.25838 0.2588

ITH 400E -LECTRIC AN O MAGNETIC CURRENTS

ELi-CTRIC CURRENT ON FIRST PART OF OUTSIDE CONDUCTOR

REAL J( |.,AG JT NAG JT

O.o1,?'3-.00-0.-,7.S Et0 0.1077E+01

0.,-389Ef00-.,322-2E-Ot 0.5946L+00

0.?S90E+00 0.7627E+00 0.8055E00

-0.4215E*00 0.1L88E+01 0.1261E 01

RFAL JP IMAG JP MAG JP

-0. bO2E+00 0.1065E+01 0.1227E+01

-o.53136E400 0.6909E+00 0.8760E+00

-0.33i8E*00 O.4160E4-00 0,5.339E+00

--0.8079E-01 O.2966E*00 0.3074E+00

-0.5354E-01 0.5308E+00 0.5340E-00

ELECTrIC CURRENT ON SECCND PART OF OUTSIDE CONDUCTOR

REAL JT IMAG JT MAG JT

-0 .O44'26E+00-0-. 1791 E O 1 0. 1844E+01

0.4,j0 Ef00-0.I904E 01 0.1957E+0I

0. 1iOE*0t--O.1607E40k 0. 1950E+01
0.*478Ef0I-0.1?6IE01 0.1943E 01

REz:AL JP IMAG JP MAG JP

-0-rlq43Ff00-0.5344E,00 0. 1042E+01

-0.219TJE*00-0.1?7IE*01 0. 1290E+01
0.5212E+00-0.1483E+01 0.1572E+01

0.lIEE-0l-0.1365E+0I 0.I65E*0I

0.1525E01-0.I83E Ol 0.1930E 01

ELECTRIC CURRENT ON FIRST PART OF AISIDE CONDUCTOR

RLAL JiT IMAG J NAG JT

0.l,67E+01 0.3871E-O 0.1268E 01

0 2608E*O0 0.5877E-01 0.2673ED0O
-. ?22E*00 0.1498E 00 0.7415E O0

REAL JP IMAG JP NAG JP

-0. I S'8E 01I-0.3328-01 0.15S8E+01

-0. * 1 i6E+01-0 .6796E-01 0.1118E+O1

-0.7062E00-0.7621E-01 O?.7 03E+0O

-O.I -tO0-O°31 73,E*CO 0.3603E+00

ELECTRIC CURRENT ON SECOND PART OF INSIDE CONDUCTOR

REAL JT IMAG JT MAG JT

-0.7549E00-0.2561E*00 .8005E00

0.2513Et.0-0.4657E-01 0.2556E+00

0.1280E 02 0.0836E-03 0.1203E+01

REAL JP IMAG JP MAG JP

0.65 7fE 00-0. I R62E400 0.6932F.00

0.7989E#00 0.?428E-02 0.798')9C00

nma'



67

0.1129E4,O1 0.67S1E-ot 001131E#O1
0-1564E*t O.1214'0o o.I58gE+01

ELECTRIC CURRENT IN APERTURE

REAL IT IMAG JT NAG JT
-0.1102E#0I 0.6770E+00 0.1294E+Ot
-0.1261E*01 0.3286E+00 0.1303E*0i
-O.t339E#-OI-0.455E-Ot0I .12539E4Ot
-0.13O5E+01-0.4478E.0O 0. 1380E+01
-0.1196E*01-0.9023E*0Q0 .1498E+01

REAL JP IMAG JP MAG JP
-O.15830E*0O 0.2658E+00 0.3092E+00
-0.2728E+00 0..1534E+O0 0.3130E400o
-0.3750E+00 0.5005E-Ot 0.3763E+00
-o .ssiiEto0o-0.54a2E- 01 Oo5598E40O

MAGNETIC CURRENT IN APERTURE
REAL JT IMAG JT NAG JT
0.1429E+00 0.7546E-01 0.1616EO00
0.1589E#00 0.1393E+00 0.2113E+00
0.1049EoOO 0.1579E+00 019E0

REAL JP INAG JP NAG JP
0.(p52SF*00 0.1541E+00 0.6708E+00
0.1559E+00 0.3855E+00 O.*158E+OO

-O.10OOEO00 0*4523E+00 0*633E+00
-0.8395E+00 0.4811E+00 0.9675E+00



68

REFERENCES

[1] J. R. Mautz and R. F. Harrington, "Electromagnetic Coupling to a
Conducting Body of Revolution with a Homogeneous Material Region,"
Report RADC-TR-81-202, Rome Air Development Center, Griffiss Air
Force Base, New York, 1981.

[2] J. R. Mautz and R. F. Harrington, "An H-field Solution for a con-
ducting Body of Revolution," Report RADC-TR-80-362, Rome Air
Development Center, Griffiss Air Force Base, New York, November
1980.

[3] J. R. Mautz and R. F. Harrington, "An Improved E-field Solution for
a Conducting Body of Revolution," Report RADC-TR-80-194, Rome Air
Development Center, Griffiss Air Force Base, New York, June 1980.

[4] V. I. Krylov, Approximate Calculation of Integrals, translated by
A. H. Stroud, Macmillan Co., New York, 1962.



MISSION
* Of

Rom Air Development Center
RADC ptana and exectu, te~sewth, devetopment, tea.t and
&seter-ted acqu.L6Ztion p/LogAoam in .6uppo4tt o6 Commaand, Cont~ot
Corlmnuicaon and Inte.Uigence (C31) at&,Utez. TechnZco.
and engineexing 6uppo4~t w~Lhin ov~eah o6 .technzat competence
i6 p'ovided to ESV P~ogAow 066cau (PO.6) and othiet ESV
etewents. The pticipat teehnica miA.6ion a~~eaa ate
corr.FWII~>on,- etectomagnWe guidance and c10nt'Lo, .6u4-
ve4i.&nce oS gtound and ae/Lopace objectA, intettigence data
cote!tion and handting, Zvz6oAma.tion sy.6tem technotogy,
ionoa6pke~i pJopagation, a6otid a tate a6cienceA, miacoiwnue
phyAicA and eteJat'onic 4te2.iabie.tt, maintanabtitg and
compat~btiti

~ -~ -:- MUM-

- - ~ -



II


